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The observations recorded in the following pages are the 
outcome of a vacation-journey undertaken in the summer of 
1888 in company with a dnm of students from the Academy 
of Natural Sciences of Phila(i('l{>l)ia. My main object in visit- 
ing the islands was to satisfy niy mind on rertflin points con- 
nected witli the struetuio and physiognomy of i-oral reefs, to 
the study of wliieh the Bcrmudns oU'er special advantages. 1 
contemphited hut little work in /(H)l(>try, and that which was 
accoin}>li>lie<l may he eonsidcieil sujiplcuiental to the plan of 
work originally laid out. It was nut until my n»turn tn riiil- 
adclpliia tiiat I was made aware of the extent of the znulogical 
material cullected l»v us, and huw little systematic studv of the 
fauna of tlie regi<»n had been nnide prior t<> uur visit. Some 
of our material still awaits exaniinalit>n ; for the elalxiration 
of that portion which is delineate*! in the {in s( nt volume I 
Hill largely indebted to the label's of a nuuiber of specialists 
who have kindly volunteered their assistance. In this connect ion 
I debire to acknowledge my indebtedness to Prof. J. Pluyfuir 
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McMurricli, fornurly of Hjivcrfdrd <'oll<'cre; to Mr. II. A 
rilslu'v, of tli<' A(a«l( my of Natural Sciences; to Dr. George 
Mnrx, (»r \\';i-liiimt()ii : to Hr. P. I\. lliU'r, of lialliniore ; to 
tlio latr Mr. < H. Holliiiun, of liluoniin^ton, Intl.; and to two 
of niy iiuiiiediate assistants, Messrs. J. iu. Ives and Wituicr 
Stone. 

To Miss A. IV'uiston. of Peni.ston's, Burniuda, I am under 
special obligation for the use pf much new material illustrating 
the Berinudian fauna : and T am similarly indehted to Dr. \V, H. 
Dal I, of tJic U. S. National Museum. Wasliington, for having 
placed at my disponition the collection of Bermuda shells made 
a few years ago by Mr. (i. Urown Goodc. 

Finally, I desire to convey my thanks to the members of 
my class — Messrs. J. £. Ivos, AVitiner Stone, Iloberts Lc Bou- 
tillier; Misses Emma Walter, Mary A. Schively, Virginia 
Maitland, Kniily G. Hunt, Etla Hunt— all of whom rendered 
much valuable assistance cither in the field or in the labora- 
tory, 

A. H. 

ACADIMV OP Nati-rai ^rrrNr p,. 
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THE BERMUDA ISLANDS. 



My first impression of the Bermudas was one of disappoint- 
ment. I had heard so mucli of the " hundred islands," of tlie 
luxuriant vegetation, that I found it difiicult to realize that 
these undulating iiills, rising ia tlicir ^arV> of withered green, 
were in reality the far-famed pearl of the Atlantic, But our 
visit was timed for tlie month of July, and po«sibly the withered 
<-(indition of tlie ve'^etation had sonietljing to do with this 
ftelini; of disappointment. The ekimps of palmettos which are 
bunched against the hillsides were as yet undistinguishablc, 
and the eye rested on a monotonous expanse of dirty green, re- 
lieved here and there by dark masses of the Bermuda juniper, 
which, from a distance, recalled the cloud-shadowed patch t s of 
our northern mountain slofies. Innumerable particles of 
white cottages gleamed forth in the bright .sunlight, but their 
uniform brilliancy only served to intensify the sombrenefts of 
the background which they illumined. 

I had, from assumed geological knowledge, expected to see 
a long white crest rolling over the outer reef, but in this ex- 
pectation I was also disappointed. We were being carried in 
on the flood, and no trace of this natural parting of the waters 
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was visible. As we approached nearer to the shore, however, 
abrupt changes in the color of the water revealed the position 
of the coral-shallows, but we as yet saw nothing of the reef of 

the iniajjinatioii. Occasional jelly-fishes floated lazily by, and 
the evL-r merry petrels were still quiverin^^ in our path of 
beaten foam. Our first tro]iic-l)ir<l liovered about the rig^i^ing, 
seemingly surprised at the » ai ly intrusion which wo had \>vT' 
mitted ourselvos. The flying-fishes l)e( ;une more numerous as 
we neared tlje islands, and they could be fre(iuently seen skip- 
ping away five or more at a time, and usually in a direction at 
righta!)gleR to tlie line of ilir shi}>. 

I was anxious to determine the true nature of their at^rial 
loconiotion, and to settle the vexed (juestinn of the su}4)0sed 
flying movements of the fins. We aeeordingly watehed lliese 
interesting creatures very intently, and followed them with our 
glasses over their entire cour&e. So rapid was their motion, 
however, that it was not easy to keep them within the field 
of the glass, and still less easy to hold them in distinct visiou, 
and foi a long time we really hardly knew what we saw. 
We failed, however,^ to detect any positive continuous move- 
ment on the {lart of the fins, and it certaiidy appeared as 
though in all, or nearly all, cases the animal merely shot 
forward as the result of some primary impetus, taking a 
course nearly horizontal with the surface of the water. 
This direct course, in view of the apparent method of pro- 
pulsion, was certainly surprising, as it would naturally be 
expected that from an initial leap the line of travel would be 
that of a regular curve. But the horizontal course was pos- 
sibly more apparent than real. At intervals, two or three times 
in a single flight, the animal seemed to strike the crest of a 
wave, and acquire new impetus from a blow of the tail. In 
this way the flight may be said to be one of distinct passages 
— although without arrest of movement — ^in which the curve 
motion largely disa]>pears, or is at least reduced to its lowest 
terms. Indeed, the successional character of the flight could be 
plainly seen in the sudden jerky changes of direction which 
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wore marked off at irregular intervals, and at points where rising 
waves apparently nu t tlie supplenuntal strokes of tlic tail. 
Tlie duration ol fligla was from live to eleven or twelve seconds, 
while thu distance covered vvafs probably, in extreme cases, not 
less than 200-300 feet, and possibly even nioiv. 

The inner waters of the reef showed those remarkable con- 
trasts of color which have been so frequently dwelt upon and 
depicted by travelers. From the most intense indigo we pass 
abruptly to a brilliant emerald, and from this again ]»o«sibly 
to a bright sea-green. 80 su<ld( n are the transitioTis tliat the 
semblance of a natural water is largely deHtro3X^d, and for a 
moment one feels inclined to doubt the reality of the scene 
before him. I must confess that had 1 been informed in ad- 
vance of these wonderful chromatic effects, I should have been 
loud ia pronouncing the imposdibihty of their occurrence, so 
wholly unnatural did they appear. 

Passing through the line of old hulks, whose grass-grown 
bottoms and battered [danks emphasized the words of condem- 
nation which relegated tlie ancient merchantmen to the rank 
of <^0t9 <f artf we entered the harbor of Hamilton. The fact 
of its being Sunday did not obtrude itself upon the throng that 
had assembled to greet us on our arrival. The helmeted red- 
coat and servant, custom-house officials and steamship agents 
were out in force, but they were far outnumbered by that class 
of eftsy -going inhabitants whose hardest labor appears to be 
that of doing nothing. The time-honored custom of building 
connecting gang-planks instead of bringing the ship close up 
to the wharf, delayed our debarkation by about a half-hour, but 
delays of this or a similar kind, as we soon discovered, are of 
little moment with the Bermudians. 

The capital city, Hamilton, has little of interest to detain the 
stranger beyond the beautiful display of exotic plants which 
are to be tuuiid in the private gardens. The broad and pleas- 
ant avenues which intersect the town at nearly right angles, 
and glisten with that intensity of which only a white lime- 
stone is capable, po^isess tiie general features of the ordinary 
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country roads, setting firm and hard under almost all condi- 
tions of weather and temperature. They rarely require repair- 
ing, and their even eompactne.ss well sustains the quality for 
which the Bernmdian roads are fainous. Kain affects them but 
little, except in so far as it assists as a solid ifier, and a few 
moments after a heavy shower tliey are generally as pass- 
able as after prolonged exposure to the sun. Here and there 
extensive villas and gardeTi<« betray opulence, but more com- 
monly it is the appearance of pleasurable comfort rather than 
the possession of rieiies which a]>peals to the eye of the visitor. 
The recessed housc-fronts, opening u]»on broad, shaded veran- 
das, typifv a style of architecture doubtless best adaj>ted to 
the requirements of the climate, while the dazzling wliiteness 
of the exteriors emphasizes an amount of attention bestowed 
upon houde^leooration which would probably surprise even 
the proverbially neat cottagers of rural Belgium and Holland. 
We were informed that the operation of whitewashing was re* 
sorted to as often as twice a year, and where, as is almost uni- 
versally the case throughout the island group, the drinking 
water is collected asotF>flows from the roof, this part of the house 
is anointed as well as the sides. At intervals throughout the 
town, as also in the country, extensive inclined basins have 
been constructed for the reception of rain-water, and serve 
as reservoirs for periods of emergency. 

The shops are in the main not attractive, and on the whole 
they betray a lack of energy in their management which is 
surprising in a region so largely visited by strangers. We 
were recommended to a presumably fashionable confectioner's, 
the floor-s[>ace in whose establishment was given up in large 
part to a display of hats and clothing, and the walls to musical 
instruments. In another large establishment it was reported 
that anything could be obtained from a coffin to a pulpit, but 
we found it impossible to procure an ordinary insect net; nor 
were wu better rewarded as far as this, to us necessary, article 
was concerned, by inquiry elsewliere. 

As before remarked, the attractive feature of the town is to 
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be found in the display of exotic plants. This exhibit is, how- 
ever, not confined to Hamilton ; it is the property of the entire 

island pronp, where it has become, if the expression might be 
permitted, liaUirulized. The iiiifoi lunate ones among us who 
in the northern region ecstatically wonder at the rare treats 
which the floriculturist from time to time lays before tliem, can 
obtain but little comfort from a tri}) to the Bermudas. Their 
earlier-formed nohons of grandeur soon disappear. It would, 
however, be conveying a false impression to state that the veg- 
etation is luxurious, or tliat it is at all comparable in exuber- 
ance with the vegetation of the true tropins, or even with that 
of many parts of the peninsula of Florida. (Ui the contrary, 
it is on the whole sparse, and only here and tiiere, in favored 
localities, or wiierethe husbandman has largely assisted nature, 
does it reveal those touches of picturesque quality which so 
impress the mind of the strangerj and lead him to believe in 
special luxuriance: 

The native arboreal vegetation is scrubby, consisting almost 
wholly of the Bermuda juniper and the sabal or palmetto, the 
latter being probably the only native species of palm of the 
tweh'e or more forms now found on (he islands. The date 
and cocoa*nut are both cultivated, but it is only exceptionally 
that the fruit arrives at maturity. Superb specimens of the 
former, the so-called "three sisters," are found in the singularly 
attractive public garden of St George's, but elsewhere the tree 
is not exactly uncommon, rising generally in solitary grandeur 
above its less pretentious associates. Nothing, it appears to 
me, can surpass in majesty the five specimens of cabbage-palm , 
' {OreodomoUrdcea) which adorn the roadside at Pembroke Hall, 
in the outskirts of Hamilton, and justly constitute the pride of 
the Bermudians. Like granite monoliths the gray shafts, SO- 
TO feet in height, stand unbending to the elements that play 
about them, unmoved by the force that tosses their delicate 
plumes into restless activity. 

Of our common deciduous trees, oaks, i)i relies, beeches, j>op- 
lars, etc., there is scarcely a trace to be seen, nor is there any- 
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thing to replace them. An occasional sycamore, mulherry or 
weeping-willow still reminds one of the temperate north, but 
beyond these and the Bermuda juniper, there is little sugges- 
tive of the woods barely six hundred miles distant. The uni- 
versality of the juniper, however, imparts a decidedly north- 
ern aspect to the vegetation, despite the large number of tropi- 
cal elements that are embodied in it The latter are too 
irregularly scattered to constitute dominating factors in the 
modeling of the landscape. At intervals bits of delicious tropi- 
cal nature surprise one ; warm and sunshiny patches of palm- 
land, largely overgrown with the coarse bracken, and bordered 
by almost impenetrable thickets of banana and plantain, fall 
refreshingly upon the eye that has perhaps become satiated 
with the juniper, and that glory of the Bermudas, the oleander. 
O'er hill and dale, far and near, in the garden and along the 
roadside, this superb bush scatters its fragrance to the winds. 
For one who has not seen the rose-flowered oleander in its na- 
tive home, or in this land of its adoption, it is impossible to 
conceive of the efl«ct which is produced by the great masses of 
showy blossoms which appear here, there, and everywhere 
throughout the landscape. The hedges are ablaze with their 
blossoms, and buried in perfume; the roadways are simi- 
larh' bejeweled and scented. I can only compare the itinera I 
effect with that produced by our copses of rhododendron, but. 
while the flowers and foliage of tlie oleander suffer as individ- 
ual elements in the comparison, they more tlian compensate 
by their masses. 

A fnst impression of a country drive in the Bermudas, 
along some sucli road as the "middle road" leading from 
Hamilton to Flatts Village, is not soon forgotten. The gray, 
one might almost say omni{»resent, bounding wall, which 
forms part of tlie natural rock of the islands, the retired and 
sheltered cottages, tljc peculiar inhabitants — more lilaek than 
white — and above all the vegetation, strike one a- strange and 
novel. P)ir<l- of bright plumage, the red ear<]inal and hhie hird. 
flit numerously before you, and althougli they are regular 
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members of the North American avifauna as well, they ap- 
pear here in a different light than with us, since they, with the 
little ground-dove, form the most noticeahle, if not the domi- 
nating« elements in the bird-fauna of the islands. We are in 
a little world of our own, distinct from either Europe or 
America. 

The corn-fields of our temperate north are here largely re- 
placed by fields of bananas and plantains, which are grown in 
dense and almost impenetrable thickets. Although at first at- 
tractive by their novel, and suggestively tropical appearance, the 
eye soon wearies of the gross and wind-rifted leaves, and eagerly 
falls upon the much more delicate vegetation of the bamboo, 
which here and there shoots its willowy tufts 30 or 40 feet into 
the air. The cane is also a graceful ornament about many of 
the country cottages. 

The banana '* trees" wore laden with fruit at the time of our 
visit, and naturally we had a good opportunity to judge of tlio 
merits ol lijis iiighly-i)rizotl article of food with the Beiniu- 
dians. At breakfast, dinner, and supper it was a constant 
accompaniment of tlie taMr, and always welcome. The fruit 
is considerably smaller than the imported article witli us, and 
decidedly tastier or sweeter, doul)t]c.«s duo to its being [jicked 
fresh t'roni the plant. 'J'he more commonlv cultivated varietv 
i.« the lorm known as Musa ('iirr,i(lislii^ or dwarf banana, which 
rarely exceeds, to the bend or apex of the leaf, m<»re than 
about ci^ht feet in height; it always presents a stubby appear- 
ance, more like a great coarse weed, which lias grown up 
spontaneously, than a cultivated plant Indeed, it can scarcely 
be said to be under cultivation, mnoe practically no attention is 
paid to its proper growth and development; nature does it all. 
Bunches of fruit weighing fifty pounds or more are no rarity, 
and occasionally they reach nearly double this weight. 

Tlie plantain, which is more rarely seen, and whose fruit is 
not held in popular favor as an article of food, is a much more 
graceful and imposing plant, with leaves eight or ten feet, 
or even more, in length. It grows to more than twice the 
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height of the common banana, and, ultlinup:h its leaves are 
hirgel}' wind-rifted, it never prciients the sliabliv appearance of 
the latter. 

Among tlie otlier distinctive acconi|>aniinent.s of the road- 
side are the aloe and yucc^i, or Spanish bayonet. The tiowi ring 
sterns of the former, rising twenty or twenty-five feet in height, 
are not an uncommon feature in the landscape of the garden- 
tract*^. Of the lit'teen or more species of cactus now found on 
the islands, some of which, like the Turk's cap, or melon cac- 
tus, and the night-blooming cfTcns, are extensivtdy cultivated 
in the gardens, only one, the prickly-pear iOpuutia vtdgni'is), 
can be said to be at all common. Tt is found scattered here 
and tiiere about the sandy wastes, or hanging m sprawling 
masses from the road walls. iSonie notion of the luxuriance of 
growtii may be had from the condition of the plants of the 
night-blooming cereus. Shortly before our departure from 
the islands we were hospitably invited to visit a plant of this 
species in the garden of a Mrs. Peiiiston, just outside of Flatts 
Village. It is scarcely necessary to say that we were surprised 
when we beheld a plant covering an area equal to that of a fair- 
sized room, and supporting upwards of 200 of the most superb 
flowers 1 Well may the tourist go back down-hearted to his 
native conservatorv. 

But this is not the only instance where a comparison be- 
tween home and foreign products may give rise to sad reflec- 
tions. Alas, how sadly changed must be the conception of a 
rubber-plant, after one, who had hitherto been accustomed 
oidy to the " wonders " of the drawing-room and conservatory, 
has seen the monster, stretching forth its arms like an oak, 
at " Par )e Ville," Hamilton ! 

If, however, the eye is riveted to these remarkable forms of 
vegetahty, it meets only with disappointment wlien it scans 
the usually sparse herbaceous vegetation of the woodlands, or 
that which covers the (jpen meadows and rock-surfaces. We 
look in vain for that rich, dense green which forms the sunny 
undergrowth of our forests, for the crop of weed and grass which 
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is the wealth of our fields and pastures. Plenty of grasses 
there are, it is true, but they are in most places tlihi and weak. 
Only here and there in the deep and open hollows, as in the 
neighborhood of the ** marshes," do they show anything like 
luxuriance of - growth. It should, however, be stated that in 
many sheltered limestone hollows, as well as along similarly 
protected rock-le<l<;es, tlio vegetation is wonderfully profuse, 
interwoven and intcriuaULMl au as to render penetration almost 
impossible. The coffee-tree thicket back of Joyce's cave, and 
the convolvulus cave close by, are wonderful exhibitions of this 
kind: aii<l likewise the tract about Walsinu^ham. Hut over the 
]L^reater part of the island one mny sing hii> jneuns to the sa»ro 
(Luntana), which has virtunlly taken j)Ossession of the soil, a 
not very attractive nor deliglitfuliy odorous plant 

Our headtjuarters during our brief stay at the Bernjudas 
were at the Flatta Village, a small assortment of m at houses 
and cottages situated at the entrance to Harrington Sound. 
A strong current passes here at high-Wfifer into the inner basin, 
bringing in much sediment from tlu' oi)en seji, and with it a 
rich assortment ol animal life. The low -water sands constitute 
one of the best collecting grounds of the archipelago, excepting, 
of course, the outer reefs, and the under surface of almost every 
stone offered something for our collections. We were fortunate 
to discover here a new species of cuttle-fish (Odopm chromaius) 
characterized by unusually attenuated tentacles; but, beyond 
two other individuals of another species which we failed to ob- 
tain, this was the only representative of this order of animals 
with which we came in contact during the entire journey. Yet, 
they are said to be specially abundant just among the rock 
crevices of Flatts Inlet 

It is wonderful with what tenacity these animals hold on to 
their anchorages when a< forcible attempt is made to eject them 
from their shelters. Wo in vain tried by both coaxing and 
pulling to dislodge one of these interesting creatures, but, de- 
spite the havoc made by chopping the enveloping rock, we 
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were compelled to desist from our attempt after the labor of a 
full hour and a half. The chromatic changes of the skin were 
at times very rapid, and so nicely did the animal adjust its 
color to thtit of the rock as to render its outline barely visible. 

The wonderful transparency of tlie greenish waters permitted 
objects to be distinctly visible at depths of 20-25 feet, and where 
tliere were no moving ripples, at even greater depths. I 
doubt much, however, the ntatement that under ordinarily 
favorable conditions objects may be distinguishe*! at depths of 
GO to 70 feet, even with the aid of the water-glass ; at any rate, 
our own exjierience failed to give support to this commonly- 
received notion. Almost everywliere within the bounding 
reef, except where special circnnistaiKrs liave favored the de- 
velopment ofcoral and miliepure patc-hus, tlie hottom is largely 
barren, jiresentin*; a nearly uniform expanse of coral sand. 
This the paradise of the sea-urchin (Tojropnrust^'S varlegatm) 
and of tlie great Mack s-ca-euc\nnher which is so common in 
the inner waters. From the anchorage of the \ ilia Fraseati we 
watched dav after dav the uncouth ebonv masses of the latter, 
scattered like so many black blotches over the sand. Only ex- 
ceptio!inlly could they be observed to change their position, 
although the rolls of sand drawn over the surface indicated 
that such changes wen* not uncommon; not improbably their 
perambulations take place largely at night-time, when their 
movements would not be likely to attract attention. In the 
normal condition of rest and apparent non-animahty the creat- 
ure might readily pass aggressive observation, even though 
it be the most conspicuous object on the bottom ; and in thus 
deceiving what might otherwise be formidable enemies it is 
probably largely assisted by its forbidding black color. It is 
a signifies nt fact, although it may hold no special relation in 
the matter, that another form of holothurian (like the latter, 
now to science), of almost equal size, and with a ground color 
of reddish-yellow, occupies the same haunts, but in vastly di- 
minished numbers. Can it be that it is suflTering extermina- 
tion through the possession of a more attractive, even though 
less apparent, coloration ? 
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Some of the pleasantest of onr leisure hours in the Bermudas 
were passed in gazing iuto the kaleidoscopic waters which 
bathe the gardens of the Villa Frascati, and who that has once 
glanced into this liquid glass can forget the picture that is there 
presented? A giant palette dipped beneath the water. We 
have the same bright smudges of cardinal and lemon-yellow, 
the streaks of green and blue, the purples, oranges, and blacks 
— ^in short, all that brilliancy and wealth of color which belong 
to the painter's upper row. A si>ecies of encrusting sponge, 
possibly a Microscionia, made large patches of tlie brightest 
red on some of the detached rock, while iiiuiK'diately alongside, 
another sponge formed clumps of iMjUiiUy brilliant yellow, and 
still another, les.ser patches of green. This violent contrast of 
color, which is still ftirther intensified by the whitenecis of the 
supporting eonil sand, is kept in a pure key. There is no dis- 
cord, and not very nmch nion* true harmony; it is strongly 
marked individuality. If any one still doubted that ocean 
water ha<l a natural color of ius own, a j^ingle glance at the 
flowitig emerald would have been sufficient to dispel all doubts 
in the matter. 

The most beautiful of the inner waters of the archipelago 
is Harrington Sound, an almost closed lagoon which extends 
for about three miles eastward from Flatts Village. Its only 
open communication with the sea is by way of Flatts ltdet, the 
extreme contraction of which compels the water to flow in and 
out with the fury of a mill-race. We did much of our dredg- 
ing heie, but scarcely met with that success which we had 
anticipated. The bottom is manifestly largely a sand-barren» 
and in a general sense unproductive. We, however, picked up 
specimens of a beautiful new species of Ohromodoris, and 
quantities of a remarkably crussiform Chama. The latter 
more nearly approaches a fossil from the Pliocene deposits of 
Florida than any other species with which I am acquainted. 
Along tlie borders of the Sound the coral-growth, consisting 
mainly of Isophyllia, Oculina and Siderastrroa, is largely 
developed, but wo everywhere failed to detect tracts of the 
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large meandriiurform types which fordi such a prominent 
feature in the life of Castle Harbor. In the latter, again, the 
fBOphyllias were largely wanting. Probably upon the much 
greater depth of water in Harrington Sound, and the absence 
of a submarine platform, is dependent mainly the dilfereuce 
in the coral life of the two almost contiguous bodies of water. 

It is difficult to conceive of a more beautiful and refreshing 
sight than that which is presented by the sheltered coral pools, 
with their wealth of color, which bite here and there beneath 
the crumbling banks. Corals, millepores, and stone-encrusti ng 
Alga» vie with each other in building up the common domain, 
whose most intricate details are revealed by the transparency 
of the waters. Even the tiny polyps may be seen expanding 
their delicate crowns of tentacles. What a charming vision of 
the busy life about us! The sca-aneiaones are especially 
abundant in these rutk-«heltprs, and some of them are strik- 
ingly beautiful; but on the whole they are less brilliantly 
colored than those of our northern shelters. Anionjr the corals, 
some of tile species of lsoj)liyllia were the most lii^hly colored, 
the l>ro\vns ami greeii>> Vx'insj; remarkably rich. Helow a depth 
ot" a comparatively few teei eonil-life largely disappeared, and 
along the actual floor of the Sou ml, say at depths of from six 
to eitjfht fathoms, we onlv obtained Oculina. No liaul of over 
ten fathoms ever hroujj^ht up a coral. 

During much of our stay on the Sound the water was very 
rough, and its inroads upon the bordering clitfs and crags were 
painfully manifest. The Sound is now actually making, and 
w itliout question it has been in this condition of self-formation 
for a long time past. The ledges, islands, and isolated rocks 
all speak of destruction, and of the former occupancy of the 
basin by dry land. At the present time the general depth of 
the Sound may be taken at about 45 to 60 feet, although our 
line frequently sounded 12 fathoms; the greatest measurement 
was made in what is known as the Devil's Hole opposite 
Peniston Point, where the line ran out 14 fathoms. I was 
informed, however, by the American Consul, the late Mr. Allen, 
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that soundings had been obtained in the same place of 16 
fathoms.- The dredge-net usually brought up from these 
greater depths onl}' a grayish-white mud or oosei largely made 
up of coral and coralline fragments and the debris of the 
crumbling cli£&. among which the perfectly formed tests of a 
limited number of Foraininfera — Globigerina, Orbieulina — 
could be made out A deposit is manifestly accumulating on 
the floor of the Sound, and at a rate evidently much more 
rapid than that which marks disappearance through solution. 

Our journeyings through the country wwo largely made by 
cart, a ramshackle two-wlR't led arraiigL iiiciit wliicli we canopied 
so as to protect us iVorn tlio force of the sun'-s rays. TliaL a 
party of nine, men and women closely huddled together, with 
an arrangement for traveling such as we had, should have at- 
tracted some little attention, or even <lravvn out the smiles of 
the kiudIy-dispo.«sed natives, goes without saying. We found 
it impossible at the Flatts to obtain a tuo-horse conveyance of 
any deiicription,conse(iU(;ntly we were eonipt lied to put up with 
a simple cart, or with that in conibinution with anotiier vehicle. 
Fortunately, the excellent eoiidition of the country road.s ren- 
dered traveling even in our rude contrivance fairly comfortable, 
whik- the load was not ov»t luirdensoine to the sin<,de animal. 
The statement that has gained currency that two-liorse con- 
veyances are practically unknown iii the Bermudas has noth- 
ing to support it. 

We did not suffer so much from the glare of the roads as we 
liad anticipated. The anticipatory warnings concerning green - 
umbrellas and black -goggles had succeeded in thrusting these 
articles of defense upon us, but they were barely more needed 
here than in any other limestone region. Nor did we Hnd the 
heat of the sun to be of that oppressive quality which report 
made it. The highest marking of the thermometer during our 
sojourn (July) was F., considerably lower than what 
we should have expected, during the same season of the year, 
for the region about I'liiladclphia or New York. Wo found 
but little difference between the temperature of night and day — 
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some four or five degrees— and usually the early hours of inoni- 
iiig were the most oppressive. At that time the atmosphere is 
more settled, and in a measure lacking in those refreshing 
breezes which make the climate, despite the heaviness which 
a moisture-laden atmosphere brings with it, pleasantly liearable. 
Except In localities where you are tempomrily debarred from 
the benefits of the breezes, the heat is in no way oppressive, and 
on the open waters we found that the difficult work of dredge- 
hauling could be done without special fatigue, and without 
drawing iK'rspi ration. Indeed, this work was not nearly as 
tr> ing as I found it two years before in the waters of Nantucket 
Island. The balmy air of evening and the later hours is de- 
licious, and permits of a night being passed in the open air 
without discomfort. Only from sadden showers is any annoy- 
ance to be anticipated. These, however, are sometimes very 
sudden, and seeininjrlv the ruin falls at times when it would 
be least expected. It was a comiiioii saying with us that a 
clouded sky could be relied upon, whereas the opi>osite was 
threatening, Tlie i>assing oil" of a sliower is. Iiowever, just as 
rapid as its beginniTi^. and olteu the whole r4un was over in a 
few seconds. Only uiue did we experience a lasting furious 
rain, but then the water descended in torrents. Bui wiihin an 
hour after the close even of this rain the roads were practically 
dry. 
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In the open ocean, north of Flatts Village, lies a cluster of 
rocks upon which the foot of man has thus far but rarely trod. 
Gray and weather-beaten, they are yet firm as of old, and bear 
well the marks tliat a strug:j?le with tiu' sta lias impressed u{)on 
them. During some six hours of the day these isolated rock 
pinnacles, of which the largest barely exceeds the double- 
height of man, are united to one another by a species of or- 
ganic or living basement, while during the remaining hours 
they are immersed in tlie blue coralline sua by which they are 
evtTVwhere surrounded. Nine miles ilistaut lies Rermuda — 
or more properly, the hundred or more islands and islets which 
together constitute tlie Bermudas — a soft line of purple 
stretched against the soutliern sky. To the southwest the eye 
detects the white shaft of Gibb's Hill Light, a giant pillar cap- 
ping one of Bermuda's greatest eloA^ations — 245 feet — while to 
the southeast the pharos of St. David's, the all-guardian of the 
archipelago, plays hide-and-seek with the foot-hills that nestle 
at its base. Beyond is all sea — the green-blue ocean in whose 
bn-oni nr( locked the treasures of an unseen world. 

This fragment of a -universe is practically all that is to be 
seen of the great outer reef, which lies buried, even at low 
water, at some little depth beneath the surface. The distance 
from the main-land renders access to it difficult, and it is only 
under exceptionally favorable conditions of water that it can 
be approached with advantage. Even after the surrounding 
8halh>w8 have been crossed it is not yet easy to effect a landing, 
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and wo loLind that our pilot was little inclined to risk his boat 
in tlie ragged growth of niillejjore and serpula which every- 
wliere forms the superficial })ortion of the growing reef. This 
inaccessibility, doubtless, accounts for the fact that so few 
ainong the visitors to these distant shores — or for that matter, 
even residents — have visited this remarkable spot, which is, be- 
yond comparison, the most interesting feature which the Ber- 
mudas have to offer. To those who have seen the reef merely 
by sailing over it, it can be well said thai they have but half 
seen it — they have missed its greatest charms. 

The traverse of the inner waters between Flatts Village 
and the reef is of itself replete with iuterest. Here and there 
glimpses of the bottom reveal wonders of a natural fairy-land 
which bid welcome to a realm of indescribable beauty. Chorals 
of bright orange and yellow, sponges of black and cardinal, 
nodding sea-fans of purple and silver, and fishes of all that 
brilliancy of coloring which distinguishes the ichthyic element 
of the coralline seas, these and much more are the pictures 
that appeal i^ivitingly to a habitation in the oceanic waste. 
The ruffled surface of the water bars out that clear vision 
to which we are accustomed in our meadow-wanderings, but 
the magic of a few drops of oil, or the stilling of the water* 
glass, brings out the relief in the most wondrous detail. The 
bottom bristles with a forest of rising stems and branches, the 
work principally of that most indefatigable hydroid-coral, the 
millepore, and through it are scattered the roses of the deep. 
Countless black sea-urchins (Diadema) lie quietly nestled in the 
maze, while here and there, where the animal shrubbery has 
p( rraitted the white sand to come to view, we catch passing 
glimi>de8 of the lonely black sea-cucumber (^ic/iopiw diubcli), 
quiet and motionless, as in the stiller waters of the Sound. 
One of the most beautiful objects of these waters is the pink 
tunicate Dlazona whose long stems we hooked up in association 
with one or more forms of Gorgonia. 

The water shallows, and we approach the boundaries of the 
outer reef; the huge brain-corals (Diploria) rise to within four 
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or five feet of our keel, and shriw their cerebral convolutions 
with the distinctness of eahinet s}>eciinens. Hut those of us 
wlio are accustomed to the white corals of museum-shelves and 
mantels see nothing of that description here. The internal 
framework or skeleton is coni{»letely covered hy the living 
animal substance, a thin film of organic jelly of the most brill- 
iant orange in this instance, from the surface of which protrude 
the ever-busy polyps. To conceive that these liuge blocks 
everywhere scattered about, three, four and five feet in diameter, 
should be the silent work of these tiny organisms! But how 
weak is the conception compared with that which rccofrnizes in 
the architecture of all the Bermudas principally the labors 
of the coral animal 1 

Our launch is now fairly within the reef ; we anchor, and 
take to the whale^boat^ determined to storm the little spot that 
nature had bequeathed to the ocean wave. We toss gently 
over the inflowing billows, and at first it would seem as though 
our enterprise were to terminate in failure. But a moment 
more, and success is achieved. The lee-side of one of the 
massive outgroMrths of millepore and serpula permits us to enter 
safely into our little port, and, taking the necessary precautions 
to land where the solidity of the marginal growth promised 
security from a too sudden plunge into the sea, we disembark, 
critics might say, in not very orthodox fashion. 

To those wlm have never seen a growing coral-reef it is 
impossible to describe the magnificence of the scene. With rapt- 
urous delight and wonder you ga/,e through the crystal waters, 
and follow the infinitude of form and color that everywhurc 
surrounds you. The eye rests but for a moment on one object, 
it is immediately called to another. Corals, sj)onges, squirts, 
lime-secreting A Igu' (nullipores) are welded together into one 
vast wilderness of coloring, a carpet mosaic of the most bizarre 
j)attern and brilliancy. All animal life is out in holitlay 
attire; the cral)s, the shells, the worms are painted with the 
same brush and j)alelte which were used in frescoing the corals 
and sponges. Red, green, yellow, and purple blotches appear 
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everywhere, and so finely are they interwoven that the outlines 
of the elementary parts lose themselyes in the hody-mass of the 
whole. Tims has nature provided her weaker offspring with a 
prot(K!tive coloring, and allowed them to live almost unobserved 
amid the haunts of their enemies. We found the Diadema9ei09a, 
the peer of all sea-urehins, very ahundant on the reef, where 
in magnificent contrast to the wealth of color by which it was 
surrounded, its ebony-black masses stood out iu prominent 
relief from the coral shelters which it inhabits. All the individ- 
uals occupied recesses in the coral growth, which they had by 
some means, probably, managed to keei> open. It is a note- 
wortliy fact that while most of the animal forms inhabiting 
this portion of the growing reef were brillianlly colored, 
harmonizing with, and shielding one another by, the party-tints 
thai liad been culled from the rainbow, these urchins were 
alone conspicuous by the absence of any such protective cloak; 
but just in their cii>v no pruuctive guise in the form of coloring 
is needed, since these aninniU are abundantly able to shield 
tle niselves by means of their greatly atlenuated spines. We 
found three other species of sea-urchin. Krliin'inntra suhangu- 
Inrifi, IfippoHoe e^rulvntn, and CiiiartM frifnijf>iilrsja\r]\ alamdant 
in the coral shelters, the la.st-nanied species, 1 believe, being 
now for the first time recorded from the islands. 

We secured many si>ecimens of the large Diadem a for our 
colh'ctions, but found that caution in handling was necessary, 
lest the niedle . spines would be projected into the llesh, and 
there broken olf in fragments. In what precise manner the 
animal so deftly manages to insert its opines into the linger tips, 
and leave tliern tliere as reminiscences of its existence 1 could 
not determine; but the fact spoke of an occult operation in 
painful language. The urchins are, howi ver. not the only 
animals that produce la-ting iinpre-.-ions upon tlie visitor to the 
reefs. The coral- ami millepores aic all endowed with stinging 
powers. an<l the uleeralions and swellings whieh their nettle- 
cells j»roduce are frefpU'ntly retained in (piiet discomfort for 
several days. The jelly-fishes and Medusae are equally dis- 
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agreeable in their com]niuionship, and on two occasions we 
found that long after stranding, and for liours after life had 
be<^ii apparently extinguished, the Portugucse-niaii-of-war was 
still able to discharge with etfect its tiny darts, and produce an 
iiii|)re8sive irritation. 

Of the larirer jelly-fishes fre<|uenting the neighi)orhood of tlie 
reef we found the pink Aurelia and the rlii/.ostome esj)ecially 
numerous, and it was interesting to watch with what equabil- 
ity these delicate creatures weathered the rolling billows, how 
nicely they adjusted their presence so as to evade the breaking 
water, and kept their pulsating bells in the comparatively 
quiet zone of only a few inches depth beneath the surface. 

The more tranquil pools of the reef are in places st(H ked 
with fish, which partake of the same brilliant mould which 
distinguishes the lower animals. The members of the tribe of 
labroids, such as the golden "Spanish lady," the '* l)lue-fish/' 
and " hind" were especially conspicuous, darting rapidly from 
shelter to shelter as our shadows wore cast upon the water. 
Wading through one of these pools I disturbed the peace of some 
thirty or forty fishes of the most intense blue and purple, but 
the rapidity of their movements rendered a determination of 
the species impossible. We observed, however, none of the 
lovely angel-fishes, with their long streamers of blue and yel- 
low, nor any of the parrot-fishes proper, which apparently find 
a more congenial home in the inner waters of the archipelago. 

The surface of the reef that is here exposed above low-water 
is barely more than a few yards in width, and is everywhere 
honey-combed into pits of greater or less depth. Many of these 
pits were dry, or nearly so, while others are permanently filled 
with water; but whether you examine the one or the other, 
you tind the same traces of. a busy animal life. Tiny crabs are 
especially abundant, and they may be seen scurrying about in 
all directions; as elsewhere the hermits have well })r()vi(le(l 
themselves, and the moving domiciles of Turpura, Nassa, jiik! 
Colunil>ella, with their colored patches of algal growth, are con- 
spicuous objects on the floor of the reef. Seemingly none of the 
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larger or more oonspicuous shells of the archipelago are found 
here, nor indeed, can it be said that shells of any description 
arc numerous. 

The predominant form of coral, at least in the upper layer, 
is the Porites, whose masses of bright orange appear here and 
there through the more sombre tints of the serpula by which 
they are almost everywhere covered. It grows to within a few 
inches of the water-line, but nowhere did we see it protrude 
above the surface, even at lowest water. This is true of all the 
stono-coralfi with which we came in contact, and also of the 
millepore. But we found lai^ encrusting patches of that sin- 
gular actinioid form, QtHicifera jZara, completely exposed, and 
beyond the reach of spi ny. The length of exposure is, how- 
ever, short, and probably sufficient water is retained during 
this time within the cavernous mass to minister properly to the 
wants of the organism. 

The serpula grows in dense bunches, forming a true base- 
ment, which is admirably adapted toward withstanding the at- 
tacks of the sea. Indeed, everywhere along the border where 
the surf beats hardest, the serpula growth was most largely de- 
veloped, and to such an extent as to form a rai&ed rim or bar- 
rier to the more protected inner side. Breaking in on all sidt^s 
the surf has created a number of more or le&s irregularly oval 
islets with depressed centers — or, more pro}»erly, with elevated 
borders — diminutive atolls, as it were ; and, indeed, this struct- 
ure has led naturalists to assuuR- that tin- form (jf tlif truo 
coral atolls, with tlifir central lagoon and l>uunding outer ring, 
nuiy have been produced in much the same way, and without 
the assistance ui any such subsidence as was considered neces- 
sary for their formation by tijc late Mr. Darwin. I feel satistied, 
however, that the two structures, while seemingly alike, have 
pradically little or nothing in common: in the one case the 
central duprc.v-ion is merely a ne^^alive one, i>eing such by 
reason of a sonu vvhat more rapid growth developed only fronj 
the water-line, or within the surf; while in the other, the 
hollow extends frequently to depths far beyond the zone of 
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com) growth, and where, consequently, the building force is 
entirely removed from the influence of special conditions exist- 
ing in the superficial layers of the water. We may not yet 
have fathomed the true method of the formation of coral islands, 
but such evidences as I was able to obtain at the Bermudas 
failed to convince me of the erroneousness of the time>honored 
theory of subsidence which was first formulated by the illus- 
trious Darwin, and which has so long ministered to the wante 
of the geologist, and Htill more failed to satisfy me with the de- 
mands of the youtigi r school of geologists, who, under tlie lead 
of the venerable Duke of Argyll, have pinned to their standard 
the now almost classical motto: ** Consitiracv of Silence.** 

I could not readily dctcriniiiO to wliat extent tlie ocean side 
of tlie reef was more profuse in iti* coral cjrdwth than tlie in- 
iier .side. Seemingly tlieie could not Ix uiuch difference, for - 7^ 
the ]>rofu.sion of the inner lifi' wjis such as to make it difficult 
to conceive how it could have been nieai^urably exceeded. 
I*robably in this regard the Bermudas form an exception to 
the supposed ^xeneral rule which defines a comparatively barren 
area immediately back of the surf. Surely, we found nothing 
of tlie kind here. 

I was also much impressed by the fact that tleTt^ were here 
no loose b(»nl(leis of rock, such as it might have been assumed 
would be thrown up by the disintegrating force of the breakers. 
15verv thing was firm and compact, except alont; the marpns, 
where the growth of millepore formed veritable, but readily 
destructible, ch€r€iiii.r-<h-frhf\ Walking on this })art is danger- 
ous, since it is not always easy to determine liow strong the 
grow^th is, nor how soon one nuiy find his way into una of the 
numerous water- passages which honeycomb the ma>s. We bad 
experience of this danger in wading within the millepore 
shallows of Devonshire Flatts. The absence of coarse debris 
is, doubtless, in a measure, due to the small extent of land 
exposed, and to the depth of water which covers the greater 
part of the reef. A rise in the reef would probaby bring about 
other conditions — as was manifestly the case formerly — but 



Digitized by Google 



even then tbe solidity anil corupactness of the growth would 
render the proce^iA of ttndenniDing and dtsmption a slow one. 
Thifl is abo true of the reefe on the ^oath side of the island, the 
er»tf of which are serpuloid, while the lee-dopes are fairly 
eovered with larj^e Marandrina^. We but rarely came across a 
looAf* block of stone on the b«ach, and where such was fooiid 
it oould he generslly, if not always, identified as the disrapted 
part of the difls n\*ou which the fury of the surf was expended. 
The examination of the liine-*au<l of the inner waters onlv 
exceptionally sliowe-d recocrnizal>le coral frajrments, although it 
was v< rv laiirelv conHM»«eil of tlu- debris of the more friable 
inillejK)re. In^h vd. it niirrht h<- ^ai 1 tluit ihe >an<l i-« properly 
a --fM-il an<l milleiMti r -iin l. raili« r ihan «>iie of coral formation, 
an i fhis is al.^o inic in a measure of the ciitt-san<] of the main 
|jo<ly of tlie island*!. 

^^ '• pa.-«>etl tlie bviit r |>art f>f tlirtt- lintirs on tlie reef, i>ut by 
tlio end of this time the uatrr was t;air»ing upon the spot 
rapidly. In a few ^-liort hours the reef would again be t nlirely 
covered, saw the three gray pinnacles which constitute the lone 
Nortli Rock. 
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The ree^, biands, and lagoons wliicli together constitute 
the Somen Archipelago cover an elliptical area, bearing 
somewhat east of northeast^ of about 220 square miles, 
of which by far the greater part is. occupied b}' water. The 
land portion is confined almost wholly to the south and 
sootheasti where it makes a broken irregular crescent, some 
fifteen miles in length, and from one to three miles in 
width. Five principal islands, of which the largest, with 
nearly 10,000 acres, contains approximately three-quarteis of 
the entire land surface ex])osed within the archipelago, are the 
components of this crescent, about which are scattered some 
two hundred or more islets and isolated rock^pinnacles. The 
great body of water or lugoon, as it is sometimes called, which 
lies north of this chain of islands, and is in direct communica- 
tion with the open sea, is in a measure delimited by the ellipse 
of the outer reef, which is wholly submerged even at low water, 
except at two or three points, the most conspicuous of which is 
at the North Rock. 

The depth of water in this outer lagoon is, in general, 
about 40-60 feet, although, exceptionally, our sounding-line 
dropped to 10 or 11 fathoms. For some little distance 
before tlie outer reef is reached the water shallows to 20-30 
f( et, and at various spots within the open, serpula and mille- 
poie growths rise to within a foot or so of the surface, or 
even completely up to it, forming irregular oval ]>atches, 
whicli can be (listinguisheU even at a distance by the discolor- 
ation ol the waters. 
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An open continuation of this outiir water is the Gre4it 
Sound, which is to an extent Umd-locked by the "hook" 
of Main Ishnid, and its disrupted continuation, Somerset 
and Irehind Ishinds. At the eastern end of the archipehtgo 
an incursion of the aoutbern waters has formed, or helped to 
form, the lagoon known as Castle Harbor, an extensive 
body of water, with a depth of from 30 to 40 feet, whose 
oceanic boundaries are well seen in Coo|)er*8, Castle and 
Nonsuch IslandSi and their dissociated fragments. Castle 
Harbor stands also in direct communication with the northern 
waters by means of one or more channels, known as "The 
Reaches," which are in part largely silted and coral-grown, and 
consequently difficult of passage. 

Harrington Sound, which bites into the Main Island alone, 
is tlie most nearly land-locked of the inner waters, and at the 
same time the deepest water in the archipelago. The average 
depth Is probably not less than nine or ten fatlioms, and our 
line frequently dropped to 12 fathoms. We sounded 14 
fathoms in the southern bay opposite the DeviFs Hole, and I 
was informed that 16 fathoms had been obtained in the same 
locality. Although two miles in length, and approximately 
a mile and a half in greatest width, this extensive body of 
water communicates with the outer sea bv a channel not more 
than 50 feet in width, the Flatts Inlet. The breaking action 
of the waters, the undermined ledges, and the vertical cliffs all 
clearly indicate that the Sound is still expanding, and it is 
merely a question of time, if the present conditions continue, 
when it will be more in the nature of an open bay than of a 
land-locked lagoon. 

The reefs on the south side uf the archipelago ap{)roacli In 
places to within a hundred yards or as many feet — or even less — 
of the chain of islands, from which they are separated by a 
belt of water of no inconsiderable depth, and always existent. 
They are, therefore, more nearly in the nature of "barrier" 
than of "fringing" rfeefs, if, indeed, they can be said to strictly 
belong to either one of these two divisions. Opposite the open 
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way commanicating with Castle Harbor we sounded uine 
fathoms in the water back of the reef, and I believe that 
this depth, or even a considerably greater one, must be found 
in many f)laces. On the outer side the depth of water increases 
more rapidly, but not in a degree as to indicate abruptr 
ness of descent. The organic growth, which is serpuloid su] >ei*- 
fieiully, comes to the surface in discontinuous patches, over 
wliose line a white surf may be seen breaking during the 
greater p. a t of tlie day. These are the boilers," or secondary 
atoll-*, as thev have been sometimes called. 

The outer soundinsrs made by the officers of the " Challenger" 
indicate a gradual descent of the bottom for a distance of 
abont a mile, when a nnich more abrupt «lo|>e iH'criiis. It is 
claimed that within the tirst l>elt the averafj;e dejilh does not 
exceed 12 fathotns, but we souudiul l.S falltoms, after making 
full allowance for slip, at a distance of not more than ;>»><» feet 
from the breaking surf. Our facilities, however, did not i>er- 
mit us to make extended observations in this direction, nor 
WAS the condition of the water, when we crossed over the reef, 
favorable for such observations. At a point seven miles from 
tlie northern reef the "Challenger" obtained tlie extraordinary 
depth of 12,000 feet, which would giv(^ an av(>rage descent of 
slope of one in three, exceeding i>robab]y that of any equal 
slope on the land surface. Drained of ita surrounding waters, 
the Bermudas would, from this side, appear like a stupendmis 
tower, in comparison with which the principal mountain 
peaks of the land would, as far as abruptness of slope is con- 
cerned, sink into insignificance. Yet it would seem that, in a 
general way, at a distance of ten miles in nearly all directions 
the depth is only from 9,000 to 13,000 feet, or not more than 
that which is found at an equal distance off the sub-continental 
plateau. Twenty miles to the southwcst-by-west of the Ber- 
mudas two submerged banks come to within 20-^0 fathoms of 
the surface, and seemingly represent the continuation of a 
range of heights of which the Bermudas constitute a section. 
But not impossibly they are merely the summits of isolated 
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volcanoes, such as the Bermudas may themselves be ; the dis- 
tiince between the two groups is amply sufficient to allow of 
both of them to slope gradually and independently to their 
bases without necessitating the assumption of a connecting 
backbone or ridge. The great depth of water, moreover, which 
lies at no great distance to the west, and likewise in the east, 
would seem to offer no support tio the notion of such a sub- 
merged ridge, which would necessarily have to be of limited 
extent. Still, the shortness of the line cannot be looked upon 
as strictly negative evidence, since abbreviated chains with 
lofty summits are not absolutely unknown, even if they are 
of exceptional occurrence. 

The main islands of the archipelago present approximately 
identical features. Gently undulating hills, rising sometimes 
with the symmetry of sugar-cones, alternate with broadly open 
lowland, and pleasantly diversify the landscape. Along much 
of the northern shores these elevations gracefully descend to 
the water-liue, where they form long reaches of sand-beach, 
or terminate in abrupt escarpments, largely undercut, and 
usually of inconsiderable heiglit. Viewed' from an eminence, 
this succession of undulating hills and dales, or perhaps more 
properly stated, " ups and downs," with their inclosed lagoons, 
projecting promontories, and scattered islands and islets, forms 
a most captivating picture, whose beauty is further enhanced 
by the magnificent contrasts of color that are presented. To 
the geologist the picture immediately suggests a region of sub- 
mergence, or such as would be formed were the more interior 
districts of Main Island suddenly depressed beneath the water. 

At certain spots, well shown on the northern and southern 
shores of Harrington Sound, and on the Walsinghani tract of 
Castle Harbor, the water has cut vertical faces from the liill- 
slo|)es, and constructed cliffs of majestic and ]>icturrsfjiie ap- 
pearance. The Abbott's Clilfs of lluirington Sound havc an 
altitude of jirokibly not h ss than 50 or 60 feet. Along the 
south shore a long line of aliiio.-t continuous and inipusing 
clififs faces the ocean. These receive the full force of the battling 
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waters, and are cut and moulded into ragged masses wholly 
unlike anything that is to be found on the o])posite shore. 
This picture of wild magnificence — ^the beetling cliflfs and dash- 
ing spray — is a surprise to the stranger who has conceived of 
the Bermudas only from the north, and wanders over to this 
side expecting to see the picture with which he is familiar re- 
peated. Long before the shore is reached the character of the 
work that is liere bcin^ accoiiiplislicd can be judged of from the 
continuous booming that fulk upon the ear. Deep bays, alter- 
nating with bold and ragged promontories, bite tlirough the 
clifls itt some i)liices. while at others they are still in course of 
formation. .Tu>>t west of Hungary Bay and at the Chequer 
Board, perliaps the grandest views of destruction are presented, 
but almost everyvvberc tlie iiieture unfolds itself in much the 
same tletiiil. We could, however, form no true conception of 
the (li'strnetive power of t lie sea from the condition < tf the water 
at tiie time of our visit to the islands. In the season of storms, 
and more particularly during a hurricane, the fury of the waters 
must be almost irresistible, if we give full credence to the 
reports of experiences of the inhabitants ; and the landmarks 
that the sea has impressed upon the country leave no room for 
doubt as to the authenticity of these reports. The natural 
arches at Tucker's Town, which are now not even reached by 
the sea, bear ample testimony to an extent of erosion which is 
not permitted to the sea in its ordinary condition ; and the 
same is true of the massive cliffs, some 80-80 feet, or more, in 
height, which constitute the " amphitheatre " a short distance 
beyond the arches. Several considerations preclude the prob- 
ability of these structures having been formed at a time when 
the relations of the land and water were different from what 
they are now, or that changes of level have taken place since 
their formation. The evidences of recent encroaches of the sea 
at these points are clearly visible, while there seems to be noth- 
ing to indicate a late rise of the land-surface. Still, I must 
admit that the observable facts at our command were not suf- 
ficient to warrant us iu assuming positively that there was no 
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such elevation ; but the reverse could just as well have been, 
and more likely was, the case. 

The loftiest eminence in all the Bermndas is Sear's Hill, 
about a half mile southeast of Flatts Villuge, which attains the 
modest height of 260 feet We verified barometrically the 
earlier determination of this height. After Sear's Hill, the 
hijL^lit'.st [Kjint is reached in Gibb's Hill, 245 feet. There are no 
ponds, springs, nor Ho\vin<;-l)odies of freshwator tlirou^jjhout 
the archipelago, although at one or two points the water of 
interior collecting pools is only feebly brackish. In a cattle 
cistern or spring, near I\ niston Pond, there; was little or no 
salinity appreciable, although the water did nol appeal invit- 
ingly to tiie hmnnn gustatory sense. Tlic j»()roRity of (he rock 
almost immediately absorbs all tailing water, an<l likewisecon- 
ducts the sea-water into the innermost parts of the islands, 
where it doubtless forms a clearly defined basal zone. Much of 
it must be drawn by capillarity above sea-level. All attempts 
to obtain freshwater by means of artesian borings have resulted 
in failure, by reason of the complete permeation of the oceanic 
waters. The large interior ponds or lakes, all of which occupy 
low levels, are necessarily brackish, and they support a fauna 
d istincti ve of brack ish or salt waters. A fai rly large peat-bog oc- 
cupies the center of Main Island, and apparently marks the 
site of an ancient, now wholly desiccated, lagoon. The peat is 
said to extend down to a depth of 40 or 50 feet* below the sea- 
level, or to about the level of the floor of the great outer water 
which is inclosed by the northern reef. 

The rock of the islands is a granular limestone, which is in 
most j)laces still sufficiently soft to permit of being cut by 
a hand-saw. On expo.sure to rain it hardens through Ci inciita- 
ti«»n, or dej»osition of interstitial linu', and may then be con- 
verted ir)to a tough and very resisting material, which is ad- 
vantai;i'ously u^v(\ in the construction of houses. Tiles of 
hand-sawu blocks awaiting induration are a not uncom- 

^Ricc : f '.eolu^y of Bermuda, Ball. U. S. National Muscttm, No. 26, p* 7* On 
Ihe authority o< General Lcttoy, 
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mon sight along tho roadsides. The processor the binding 
together of the loose particles of debris which sre to constitute 
a rock is sometimes a very rapid otie, c.^peoiully along the 
water's edge, and may be followed in its different stages. 

The basal rock of the cliffs, especially on the south shore, is 
in places excessively iiulurated, and about an resisting as u 
iion-siliceou^i liiiieijtuiie can well be; when struck with a ham- 
mer it at times ring:s with all the intensity of the volcanic ring- 
ing rocks, and chips off as sharp-ed^^ed flakes. The granular 
structure wliicli is so prominent in tlie softer roek may be re- 
tained. Init it ijomctimes larL^ely or wholly disap])eHrs, and 
the mass appears to be }ie'[iini:t'neou.sly compact. The nuitter 
of hardness or compactness is. however, not olie necessarily 
de})endin<; upon a^e, since we often find the tou<:^her rock oc- 
cupying the higli level, and overlying the softer rock below. 
At other places tho two kinds of rock alternate with one 
another. From the constancy of its occurrence at, or near, 
the base of the island, the hard suberystalline limestone is 
locally known as the " base rock ; " it serves largely, but by no 
means invariably, to distinguish the old beach formation, and 
thus to locate the former sea-border. The same rock forms 
the lower moiety of the three pinnacles of the North Rock. 

The constituent particles of the softer limestone are of about 
the size of a pin's head, or smaller, among which the debris 
of shells and millepores are distinctly recognizable. Coral 
fragments are apparently much less abundant, and, indeed, 
it was only with di£Eiculty that I determined these at all, 
except where, at long intervals, fragments of large size were 
caught up in the mass. Possibly, the finer undefined particles 
may have been those of corals, whose cellular structure would 
have readily lent itself to a powdering such as would com> 
pletely efface determining characters. Still, the fact remains 
that much, or most, of this roek is made of millepore and shell 
fraf^ments, and whatever part corals may have taken in its 
formation, it cannot be considered to be a simple coral ruck. 
The examination of the long stretch of beach which faces the 
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north side of St George's Causeway also failed to show much 
evidence of coral growtti» although shells and millepore frag- 
ments were packed in endless quantities ; the tests, perfect and 
imperfect, of the foraminifer genus Orbiculina were also very 
abundant I do not wish to be understood as saying that the 
islands are not really of coral formation ; that a coral funda* 
ment exists, needs no further demonstration than is furnished 
by the rich growth of Diploria and Mseandrina within the 
reef-waters, and by the coral fragments and masses that are 
inclosed by the beach formation. I wish merely to emphasize 
the important part which orfranisniH otlier than corals liave 
taken toward the shaping nud tin making of the rocks, 
esj>ecinl]y of llic superficial parts whicii Ijave lent themselves 
to w i 11 <1 -action. 

The true relations of the Bciinutiian rock were first clearly 
established by Nelson * With remarkable sagacity this ob- 
server read the hibtorv of the (.liscordaiit layers, here horizon- 
tal, there j?t( ( ply inelined, now arched in one direction, tht n 
in another, whicli appear in all the seclions. nnd he was not 
slow to point out that they were tlie result of wind-drift — mere 
shifting (calcareous) .sands which had been thrown about 
promiscuously by the winds, and had solidified in layers in 
the positions where they had been finally dro()ped. Tliis in- 
terpretation stands to-day as firmly established as it stood 
when it was first enunciated upwards of a half century ago. 
The thin knifc'Shects which are so characteristic of this drifl- 
rock build up massive beds, which are thrown together in 
most irregular confusion — dove-tailed, apparently faulted, 
lenticulated, and otherwise. No more interesting exposures can 
be had than the faces of the road-walls, both in the city and in 
the country, where syudiues, anticlines, slopes, and horizontals 
appear sometimes in the space of a few yards. At other places 
no bedding, beyond the thin lamination, is apparent, and the 
whole mass rests concordantly either in straight or undulating 
lines. 

*Tnns. Gcol. Soe. of London, ad Ser.» vol. v« P«rt I, pp. 1(NI-128. 
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The first process toward the forming of this rock must neces- 
sarily be the pounding up of the material out of which it is con- 
structed. Wherever the polyps build close to the surface their 
habitations are attacked by the surf which they themselves 
create. Tlie long white line of i'mnn wliicli nicL-ts the eye of 
tlie observer gazing southward from any eniitience, and parts the 
blue waters of the outer world from the more nearly green 
within, is but the line of hatlle between the organic and the 
inorganic forces. Jt is here that life asserts her supremacy 
over the sea, and it is here that the sea maintain^ her right of 
domain as an inijeritanee of |>rior birth. Blocks ol coral and 
coralline are detached and broken, their f>arts are rocked to and 
fro in the withering crest, and ultimately, when the fragments 
have been sufficiently punished by the sea, they are handed 
over for further chastisement to the action of the wind. In 
this way the particles are ground finer and finer, a true sand 
is formed, and dunes begin to rear their heads above the ocean 
level. Traveling in the line of the wind the dunes pass on- 
ward, climb over one another's hacks, and comb the gently 
flowing crests ; from pigmy hillocks they rise into we 11 -fashioned 
knolls, and ultimately stand as the eminences wliich to-day are 
the Bermudas. No one who, on the south shore, has watched 
the great tongues of moving sand, — the sand glaciers of Tucker's 
Town and Elbow Bay, for example — stealthily encroaching 
upon the hill-tops of the interior, and burying everything, in 
the manner of the locusts of South Africa, beneath their man- 
tle of destruction, can have failed to be impressed by the char- 
acter and the magnitude of the work that is being accomplished. 
It is truly but the music of the sea and wind, but there is 
enough of it to turn water into land. It seems, indeed, as 
though Vjrgil had divined some such region as this when he de- 
picted the home of iEolus in the following beautiful lines: — 

Here .t^olus, in cavern vtwt, 
With bull and barrier fetters fust 
Rebellions storm and howling hla.'*t. 
They with the rock's reverberant roar 
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Chafe bltutering round their prison door: 
He, throned on high, the sceptre sways, 
Controls their mooda^ their wrath allays. 
Break but that sceptre, sea and land. 
And Heaven's ctberial deep, 
Before them titey wuiild whirl like sand, 
And through the void air sweep.' 

(Conington's .£neid.) 

The aoliaii or wind-drift character of the Bermuda Islands 
is everywhere apparent: along the roads, on the liillsidcs. nnd 
in the caves we find the same roek made up of organic par- 
ticles. The layers or seams, inclinin'^ now one wav. now in 
anotlier, point to tlio different positions into whieli the sand 
had been fortuitou'^ly cast iiy the winds, patted down, and 
built up into a .series of superimposed layers. Shells, both 
marine and terrestrial, have been rnnght up in the drifts, for 
we find them now embedded in the rock, and scatt<Ted over (he 
most n mote corners of the i.sland group. I picked up a fairly 
large IragiiuMit of coral at an elevation of probably not 
ie&s than IBi) feet ; and, doubtless, other equally large fragments 
occur at still greater heights. In regions where freshwater 
streams abound, the materials of terrestrial destruction are 
washed into tliese streams, and by them carried into the sea; 
geologists have long since recognized the force of the say- 
ing: "the land-surface is on one grand march to the sea." 
But here, where freshwater streams are entirely wanting, and 
the falling drops are immediately absorbed into the porous 
soil, the conditions are at least in one sense reversed — the 
march is in a direction away from the sea. Whither it may 
ultimately tend cannot be foretold. 

It is difficult to conceive that these lovely hills, buried beneath 
their sombre covering of juniper and sage {Lantana\ should 
have been thus shaped by the wind ; but the facts are plain in 
their statement, and leave no loop-hole for the doubting 
mind. The heiglitof the sand-hills, or dunes, for such they 
really are, is unusually great for a coral islaml, and serves to 
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distinf^ish the Bermudas from other islands having an ap- 
parently related structure. I Ailly concur in the suggestion 
thrown out by Prof. Rice that these accumulations could only 
have been iormed at a time when laige areas of reef, and not 
a simple atoll-ring, were expased above water-level. At 
the present day nearly all the sand is formed through the de- 
struction of the existing land-masSi and not as a product of 
disintegration derived from the growing reef. 

Prof. Rice, in bis interesting obeervations on the geology of 
Bermuda {loc. eU., pp. 10-13), correctly distinguishes a " beach " 
pock as underlying in many places the drift rock of the shores. 
He instances as examples of such rock the fossiliferous stratum 
wliic-li uppt'urs in iht' cliaiii of ishinds .stretching across Hamil- 
ton Harbor, the conglomerate of Stocl^ s Toiiit, near St. 
(Jeorge's, wliich rises soma twelve feet above the water, the 
lower bfd of Devonshire l?ny, ami much of the biisul, nearly 
Iiori/i iiital, sii tiUi which ii{)peur on tlie south sln)re. As ehar- 
a' ! - ! >t u; of this beach rock, it is said tliat the beds nearlv uni- 
ft>Miily dip seaward, but at a very moderate angle, and that 
tliey contain largely of the remains uf niariiie uiiiiiial> ^^eui'uls 
and shells). The rock is in most cases very tough and hard, 
and is largely the correspondent of the base-rock that baa 
already been described. 

We also found this }>oach-roek W( 11 develope<i at nniny 
points along the south shore, where it rises some 5-8 feet, or 
exceptionally more, above tlie >eadevel. The sin ies of nearly 
Imrizoiital ledges, sharply defined by their position from the 
highly inclined layers of drift-roek by which they are sur- 
mounted, or into whieh they graduate landward, which appear 
basally at the Chequer Hoard and at Harris's Hay well illus- 
trate the characteristics of the rock. I failed however, to de- 
tect the uniform seaward slope of this rock which l*rof. Rice 
indicates, nor could I satisfy my.self that the presence of 
marine oiganic remains in a rock were conclusive for consider- 
ing the rock to be of l)eiich formation, unless, indeed, such re- 
mains were abundant, or else showed by their poeitious that 
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tbey could only have been placed there through the normal 
manner of oceanic deposition. It is true that in by far the 
greater number of easee the rock that can be identified as of 
beach formation contains, when remains are present at all, 
only the relicts of marine organisms, and that the drift-rock 
above or back of it contains only the parts of land moUusks. 
But Prof. Rice justly remarks that the remains of land organ- 
isms can be readily washed or drifted into the sea, and there 
combined with the organisms that are subeequently to enter 
into the formation of a beach-rock. A mixed faunal element 
would thus be introduced. But much the same kind of inter- 
mixture may take place in the land-deposits through the 
washing or sweeping on high of marine organisms, or their 
fragments, especially during periods of high storm. Prof. 
Rice recognizes the possibility of such intermixture, but he at- 
tributes it all to the action of the wind. It is claimed that 
only small or light fragments can be swept ui> by it, and that 
necessarily only these can be found, under ordinary condi- 
tions, drifted into the rock. A fragment of (he shell of 
Spondylus weighing 1.8 grammes, a valve of Chama, in- 
crusted with tubes of sei]ai la, weighing 2.7 grammes, and a 
fragment of Mycedium, weighing 8.3 grammes, were found 
by that investigator in the sand-drifts of Tucker's Town, and 
tliese weights or masses are given as values of the tuirrying 
pow er of the wind. This, it appears to nie, is doing scant jus- 
tice to the assistance which the wind receiver from the .'sea. 
I'lultT ordinary conditions the action of the sea mav be 
conhned ahnost wliolly to the line of beach, but it certainly 
is otherwise during storms. At bucIi times ilwre can be no 
question that niucli in ibu way of organic remains is thrown 
t'nv within the {l«ini:iiii of the diift-rock. The hurling of 
[H'bblcs and stunc>) along exposed t oast-lines is sullicicnt evi- 
(h'nco of tiie capabiiiiies in this direction. We were given 
graphic accounts of the violence <»f the waturs under excep- 
tional conditions ot" storm, and were shown, in the house of 
the Misses Penistou, at Peniston's, a position reached by 
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voluiiics of .s{)ra>' which we should have believed impossible, 
were it not for t!)e absolute reliability of the residents of the 
house who volunteered the information. 

At several points more particularly along the north slioro I 
found marine shells (Lueina, Tellina, etc.) imbedded in un(|ues- 
tional)le drift-rock, and, indeed, it could hardly have been ex- 
pected that such association should not occur. On the whole, 
however, these remains were not as abundant as one might 
have expected to find them. The same is also true in a 
measure of the occurrence of land-snails. One of the com- 
monest shells of the lower drift-rock is tlie large Tm ho ( Livona) 
pica, a shell which appears to be very abundant about the coast, 
but which generally, and perhaps invariably, is cast up with- 
out the animal. I was unable to find anyone among the local 
oollectors who had seen the animal itself, nor did any member 
of our party succeed in obtaining an occupied shell. Nelson 
and Rice both attribute the occurrence of this shell in the 
drift-rock to transportation by hermit-crabs. I can hardly be- 
lieve that this is the full explanation. I failed to find any of 
the shells of the beach inhabited by hermits, and was in this 
respect less fortunate than Nelson, nor do I know of any her- 
mit of the islands whieh would be likely to carry about with 
it the nias-sive full-grown shell. However, my teijtimuny un 
this point is j>urely negative. 

T admit with Prof. Rice that it is fiet|uently difficult 
to di.stmguisli between what is assumed to be beach-rock and 
the regular drift-rock of ilir islands, especially when the latter 
occupies a basal and nearly horizontal position. In many 
places along the south shore wliere the beaeh-rock is exposed 
in heavy beds it occupies but a limited horizontal space, being 
sncrceded by highly inclined drift-rock, which <le.scends tn the 
water-level. This succession is unexpected, an<l might lead 
one to infer that there liave been local differential movements 
on the part of the land. But of course this need not have been , 
and doubtless was not, the case, since an irregular or indented 
shore-line undergoing elevation would form features similar 
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substantially to those wii i( h are here presented. That is to say, 
the raised beacb-Hne would bean interrupted one — continuous 
possibly along an inner contour, but broken on the outer face, 
where a low-level beach would mark that portion of the i^hore 
which had lust ri^cii. In this way, it is not improbable that 
much of the interior drifts of the Bermudiis will be found to 
be underlaid b}* elevated beach>rock, and that a continuity of 
extent arttially exists. It ap]»eard to me that geologists have 
not taken sufiiciont account of the irregularities in an ascending 
coast line as factors determining the positions or relative al- 
titudes to which points of elevation must necessarily uttiiin. 
They are too ready to interpret the obliquity or inclined posi- 
tion of marine terraces on the assumption of terrestrial oecilla- 
tions. 

The one fact above all others which immediately appeals to 
the geologist in the Bermudas is the rapid waste which the 
islands are undergoing and have undergone for some long 
past period. Everywhere along the coast we have evidences 
of this waste; the outer cliffs, the clifls and ledges of the inner 
waters, the serially disposed islands and islets, all bear witness 
to a common annihilating process. Along the south shore the 
lesson of destruction is presented on the most impressive scale, 
and it is here that we read most clearly the record of waste 
wliich the islands have undergone. The huge cHf& are slill 
being undermined and are still crumbling, but they are merely 
the remains of a land-mass that at one time laojected far be- 
yond the present coast-line into the sea. This is clearly shown 
by the disposition of the drifV-rock of which they are composed, 
the layers of which in most places decline steeply in the direc- 
tion of tlie land, turning their basset edges to the .sea. 
Manifestly, the cliffs are merely the inner halves of dunes, the 
outer slopes of which have been carrifHl away by the sea. Tiio 
height of tlie clifls indicates dunes of great extent, hut it will 
probably never be told at what point in what is now svn tluy 
originated, and how much tiiey have lost tlirough oceanic ero- 
hioii. Not improbably the land at one time [)rqjected at least 
as far southward us the position which is now occupied by the 
crest of the reef. 
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There can be no doubt, it appears to me, as Rein* first clearly 
demonstrated, that Harrington Sound is not the lagoon of a 
marginal or secondary atoll, but merely a hole that has been 
cut out of the land by the sea. I think that every one who 
has seen the working condition of the water in the Sound, the 
undercut ledges, the scattered islands and rocks, and above 
all, the precipitous difib, which appear on opposite sides of the 
water, and show an arrangement of lamination or stratifica- 
tion similar to that which is observed in the cut clifl^s of the 
south shore, must arrive at the same conclusion. The same 
is manifestly also true of much, if not the greater part, of Cas- 
tle Harbor, which still retains a sea-ward border in the belt 
of disr\ipti'd land which forms Castle Point, and Castle, Goat, 
Nonsuch, and Cooper's Islands. The widening or expansion 
of this body of water i)n'st'nts itself vividly to the eye of the 
observer stationed on an cnunciice, sucli as that of St. David, 
whence the field of vision take- in the patches of separating 
and separated land wliich are awaiting the hour of tlieir 
destruction. 

Along the borders of Castle Harbor — at least as far as we 
observed it oil the west and south — there is a broad Hut leilge, 
ovf-r which the depth of water is only from about six to ten 
ft-et • lieynnd this tlicre is nn aiu upl drop into the deeper parts 
of the lagoon. This feature is frequently found in the true 
atoll-lagoons, where it forms n shore platform similar to that 
which is formed around the outer surfne<>s of sea-cliifs. In 
how fnr this ledp;e may represent a simple coral outgrowth 
from the shore, or deterinini- .1 measure of snl>sidence, can- 
not well be ascerUiinefl. Large numhers of giant hr;!in-eorals 
(Mieandrina and Diploria), measuring three, four, and five 
feet in diameter, are scattered over it, and form a series of 
stepping stones in the water. Many of them grow on and 
over the edge of the platform, so tliat the latter overhangs in 
some jdaces. These corals appear to be absent, or at least 

•Meriekt SmtAtitber^;. Naturf. GetdluK 1B70, p. 153. 
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largely wanting, in the deeper waters. We sounded at various 
points in 5-6 fathpms, and whether this represents a general 
depth or not, it is certain that the basin is far shallower than 
that of Harrington Sound. 

In the pinnacles of the North Rock we have probably the 
most imposing le^ssun Loiuliinn; upon the anniliilation of the 
land-mass. The lower portion of tlicse rocks is, 1 helicve, un- 
rpK'stionably of beach formation; 1 failed to detwt in it the 
fossils (ryj>r;ens, etc.) which lu in asserts are to he fonnd there, 
bnt possibly niy search was nut sutficiently systematic to bring 
them to light. This ba.sal portion of the rock is exceedingly 
tough and compact, and rings loudl}' when struck with a ham- 
tner. The upper moiety is made up of distinctly laminated or 
stratitied drift-rock, which dips at a steep angle. Manifestly, 
the materials of this ajoliau formation must have had some 
starting ground, and could not have been developed from the 
small area which is exposed at low water about the base of the 
pinnacles. The height to which the well-indurated drift at^ 
tains, some twelve feet or more» taken in conjunction with the 
vertical reduction which the rock must necessarily have under- 
gone, and the destruction which has ensued elsewhere, argues 
almost overwhelmingly for considering these fragments to be 
merely the remains of a land-mass which had at onetime very 
considerable extent, and not improbably actually united with 
the main islands. The work of destruction, acconling to this 
interpretation, may have wiped from cxisttMice a piece of terri- 
tory possibly not inferior in area to thai which is now exjKised 
above water. 

In view of the rapid destruction which the islands are under- 
going it remains to inquire what are or wore the special condi- 
tions which have |)ermitted this destruction |to take place, and 
have so completely reversed the history of the archi{>elago. 
For evidently the conditions under which the islands were 
first built up, and which permitted them to acquire their full 
development, must have been very different from those which 
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are to-day bringing about only anniliilation-. In order to trace 
these clianges it is first necessary to determine in bow far the 
present outline or area of the Bermudas is a permanent one, or 
in how far it may have varied during the period of its exists 
ence. By geologists, generally, the island group is considered 
to represent the disrui>ted parts of an atoll-ring, most of wiiicli 
(as is seen in the northern reef) now lies submerged beneath 
the water. This. is the view which is upheld by Dana in his 
"Corals and Coral Islands" (p. 218) and by the late Sir 
Wyville 'J'homson in his work on "The Atlantic." The latter 
states* that the character of the Bermuda atoU "is much the 
same as that of hke reefs in the Pacific, with certain i)cculiari- 
ties depending upon the circumstance that it is the coral 
iskind farthest from the equatofi almost on the limit of the 
region of reef-building corals." The atoll character of the 
island group is also conceded by Prof. Rice, but this authority 
carefully distinguishes between the present outlines and 
those which belonged to the original atoll; he recognizes 
movements of elevation and subsidence, which have practically 
obliterated the normal form of the atoll, and have left it in a con- 
dition where there need be no necessary correspondence exist- 
ing between the present land-masses, with the submerged 
reef, and the primary atoll-ring. The condition is thus stated 
by him: '*The series of movements required to account for 
the main features of Bermudian geology seems to be the 
following: 1. A subsidence, in which the original nucleus of 
the islands disappeared beneath the sea, the characteristic atoll 
form was produced, and the now elevated beach -rock was de- 
posited. 2. An elevation, in which the great lagoon and the 
various minor lagoons were converted into dry land, and the 
vast accumulations of wind-blown sand were formed, which 
now constitute the most striking peculiarity of the islands. 3. 
A sulisidence, in which the soft drift-rock around the shores 
sulFered e.\leiirtive marine erosion, and the shore platform and 

•Cy!.€»r.. I. p. 808. 
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cliffs already described were forme* L ' With this nonceptioii 
the atoll practically disappears, since, in the absence of atoll 
characters, there is nothing to indicate that the structure was 
ever present : at any rate, its existence is rendered purely 
hypothetical. 

Darwin discusses the subject with his usual perspifiiity, and 
finds reason to doubt that the i?l;m.]< are a true atoll. He 
points out their cla«e general resemblance to an atoll, but in- 
dicjites the following important differeivH s* ; ' first, in the mar- 
gin of the reef not forming a flat, soli<i surface, laid bare at 
low water, and regularly bounding the internal space of shal- 
low water or lagoon , secondly, in the border of gradually 
shoaling water, nearly a mile and a half in width, which sur* 
rounds the entire outside of the reef; and thirdly, in the size, 
height, and extraordinary form of the islands, which present 
little resemblance to the long, narrow, simple islets, seldom ex- 
ceeding half a mile in breadth, which surmount tlie annular 
reefs of almost all the atolls in the Indian and Pacific oceans." 
The great height of the land, as compared with other islands, 
is also commented upon.* 

In all these characters the Bermudas unquestionably dif- 
fer from a typical atoll, but allowing for the conditions which 
Prof. Rice suggests these differences lose much of their signifi- 
cance. They are not antagonistic to the notion of an overdone 
atoll which is now undei^going destruction. But it is difficult, 
if not imjiossible, to demonstrate the atoll condition itself. 
If it ever existed it has been completely masked by overgrowth, 
for I believe the facts such as they are show with sufficient 
clearness that the present islands and reefs have little or noth- 
ing in common, beyond oocu[»ying position, witli a pro-existent 
ring. Matthew Jones has well argued* that a bodily uplift of 

' Grol. of Bermucb. Dull. U. .S. Natioii.il Museum, No. *2fh 16-17. 

* Stntcture and Distribution of Coral Reefs, i^. 2M, 

• ATtfAMv, Aug. 1, 1872. 



Digitized by Googlc 



PHYSICAL HISTORY AND GEOLOGY. 41 

some 50 or 60 feet would lay dry practically the whole archi- 
pelago, as far as the great nortbeni reef. That such a coinli- 
tion of elevation at one time existed is, I believe, all but de- 
monstrable ; and if this is true the present condition can only 
be accounted for on one or two hypotheses: simple erosion or 
erosion in combination with subsidence. The vast amount of 
erosion that has taken place has already been referred to, and 
it is barely necessary to enter furtlier into its details. It will 
immediately suggest itself to the inquiring mind that this ero- 
sion could not well have taken place without subsidence, other- 
wise it would be difficult to conceive, except under a condition 
of veiy rapid elevation, how material could have initially ac- 
cumulated, so as to lend itself to destruction afterward. To 
assume rapid elevation, followed by a period of stability when 
destruction would exceed construction, requires the formula- 
tion of caupes which are not less difficult to receive than those 
which would explain subsidence. Unquestionable evidences of 
subsidence are, however, by no means wanting, and coincident- 
ally they point to an amount of movement which would account 
approximately for the depth of the great lagoon. Thus, in the 
excavations made on Ireland Island for the lodgement of the 
great floating dock, a deposit of peat,* and vegetable soil contain - 
iog stumps of cedar in a vertical position, together with other 
vegetable remains, and shells of the common sub-fossil land- 
snail of the islands, were found at a depth beneath the water 
of some 45 to 50 feet The depth of the peat-bog which occu- 
pies the central t>art of Main Island, has already been noticed. 
It seems to be a not uncommon occurrence, as we wore in- 
formed by the kee[)er of the light at 8t. David's, that stumps 
and root-s of cedars uie driiwn up by the anchor chains of ves- 
sels riding in the watt i-s about St. (jeorge's. 

The caves of Bermuda allonl oqually conclusive evidence of 
subsidence. Many of these now occupy a level consideijilil y 
below that of the sea, and consequently receive a large in- 

miooMoii: "Tbe Atlaotic," I, p* S20. 
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draught of water from that source. In the very beautiful Island 
Cave, near Joyce's Dock, on the north shore, the interior pool 
has a depth of probably upwards of twenty feet — we were in- 
formed that it was thirty feet — ^yet through it rose a fK)nderous 
stalagmite, several feet in thickness. Manifestly, this stalag- 
mite could only have been formed when the pool was not yet 
existent or at a time when the floor of the cave was elevated 
above sea-level. Tlje <lepth of the pool, then, is a measure of 
the lea^st possible amount of sub.^ideiice, from 20 to 30 feet in 
the present instance. Much the same condition is presented 
by some of the other caves. These sea-grottoes are among (he 
most attractive featun-s of the Bermudas, and tliey would, 
even in regions far famed for th(^ir caves, attract attention. 
The principal vaults are of fairly large size, hut the connect- 
ing passages are low and contracted, rendering deep penetra- 
tion dithcult. 

These various forms of evidence make clear that there has 
not only been subsidence, but subsidence on a moderately 
large scale, and in a comparatively rocent (geologically speak- 
ing) period. Indeed, were we te search for evidence of sul> 
sidence alone we would not be compelled to go beyond the 
simple drift-rock, which at so many pointe dips directly into 
the sea. To what amount this subsidence may have extended 
cannot in the nature of things be determined, but it appear; 
to have been at least sufficient to account for the depth of 
water which marks the lagoon and inner sounds. Beforo this 
subsidence took place probably the entiro area now covered by 
the Bermudian archipelago, and much more, wero dry land, 
and it was at Uiis time, doubtless, that the great sand dunes 
were elevated. The prevalence of powerful winds on the south 
side would tend to elevate this side of the island, while the 
opposite 9ide, not feeling this inlluence in ;niy nnirked degree^ 
would iciiiaiii cuini>aratively low and Hut. in a period of sub- 
si<lence the low side would naturally ho the first t^ succumb 
to the water.s, and would undergo suhinergence lonir l>efore 
the elevated slopes. And this is precisely what appears to have 
taken place in the Bermudas. 
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It becomes an interesting question to ascertain how far 
elevated attove water-line the Bermudas were at the time when 
they formed a continuous island. The data that are presented 
for the determination of thin problem are mainly of a negative 
character. But if a subsidence of some 50 or 60 feet can be 
indicated, and we still have beach-rock on the islands at an 
elevation of some 12-16 feet, it will be necessarily assumed 
that the actual uplift above sea-level was at least 60 or 70 ft«t, 
unless, indeed, the movement was not a uniform or coincident 
one for the entire island group. This last assumption seems, 
however, highly improbable. It may, again, be assumed that 
the elevated beach-rock was lifted since the period of sub- 
sidence, and represents the closing movement of the land. 
Its presence therefore need not argue for elevation beyond that 
which is indicated l)\ its own liigliest level, some twelve or 
fifteen feet. But the relation of this rock to the drift-rock 
overlying it, and the fact that the laUcr in so many places 
drops bodily into the sea, forbid such a conception. Tiio 
beach-rock is niiinifestly old, and long ante<lates the last sub- 
sidence; an<l for anything tbiit can be shown to the contrary, 
it is at least as uncimtas the lagnonsand sounds, and probably 
much more ancient. Indeed, tliere is nothing that ((miM h ad 
one to suppose that it is not the original rock wiiich was 
formed when the island first came to the surfaoo. All hough 
now e.\j>()<'ed on the sea-hoider, it is really an interior rock, as 
IS prov»'<l by the broad hatui of land which niu.st have been 
removed from the ijeuward side of the existing clills. 

Two questions present themselves at thisst^ige of the inquiry. 
.One of these has been much used of late by the opponents of 
the Darwinian theory of coral formations, and hears upon the 

formation of lagoons through acpicous solution. The second 
cousiders thr amount to which a possibly cavernous condition 
of the island may have facilitated the work of the erosion, and 
permitted of the present features having been formed without 
the aid of subsideuce. 
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No one, it api)ears to me, who lins examined any of the in- 
ner waters of the archipelago can for a moraont suppose tliat 
the bttsins holding these waters could liave been formed or 
kept open tlirougli solution of the rock sapports. Apart from 
the spot'ial difficulties which the Murray theory carries with \i, 
and which will be found more extensively discussed in the 
gorteral chapter treating of the formation of coral structures, 
the f&cU presented by the Bermudas are such as to im- 
mediately dis|)ose of the theory in so far as it is maile applica- 
ble to them. The material resulting from rock degradation 
which finds its way into the waters of the different lagoon's 
vastly exceeds in quantity that which could possibly be re- 
moved through solution; hence we have the entire floor 
covered with a thick deposit of ooze, as our dredgings invaria- 
bly proved, and not an exposure of bare rock as' we should ex- 
pect to find in a basin of solution. Organic material, largely 
foraminiferal, is also accumulating over the floor, and the sup- 
ply of formative material from this source alone is probably 
fully equal to that which is removed chemlciilly by the waters. 
The quantity of this basal sediment is so great that during a 
heavy storm, as was witnessed by llein and others, the entire 
water reaching to the outer reef was rendered milky white. As 
regards the second question, the influence of a cavernous struct- 
ure upon the erosion of the land, the facts are not readily ap- 
proached. Mr. Fewkes, in a paper recently [tublished* on the 
** Origin of the Present Form of the Bermudas," argues that 
the existing relations of the archipelago are not necessarily 
the result of snbsidcneo (although ho admits that the evidences 
of subsidence are unmistakable), hut of nornuil erosion, assisted 
by the breakages which in one form or another arc likely to 
follow tlie honoN ( oiiibing of the rock. Caves or long passages 
arc us-'^inncd to poiu lrate into parts of tlif islands, and by 
their collapse are supposed to furnish tin liitllows which nlti- 
Tiiatcly loi-in the Ingoon-ba.'^in. This idea is not entirely new, 
and was already enlertiiined by Kein. 

*l^oc. Boston Soc. Natural Uistoiy, 1888, p|>. 618 ft stf. 



Digitized by Google 



PHYSICAL HISTORY AND GEOLOGY. 45 



A number of st'riou.s object iuns present themselves to the 
acceptance of this explanation. The premises are larp^ely, if 
not ahnost wholly, of a hypoilu Lical character. Tiuit tlie 
islands are in a measure underniinoH there can be no doubt, 
but tliere is ]ittl<% if anything, to show that there have been 
breaka(:es of the extent which would be required by the 
theory. Evidences of local disruption ar»' jdentiful, such as 
may be found in almost every region of sinks, but as far as I 
can see there is notliitin; to indicate that basins such as Har- 
rington Sound, Castle Harbor, or the great higoon could have 
been formed, or even materially furthered, by tlisturbances 
such as tlie cave-theory calla into existence. The even floors 
of iliese basins argue strongly against formation tli rough 
breakage, as does likewise tiie horizontality of the beach-rock 
formation. The absence of all indications of disturbance 
from the latter is significant. But the broader question can 
well be asked : How could extensive cave formations, extending 
40, 60, or 70 feet beneath the water surface, be brought about 
without subsidence ? Whence would the force of exca vation be 
obtained? The answer might be returned: solution. But 
there is no more reason to assume special solution in the case 
of the Bermudas or in other coral islands than in any, marine 
limestone formation. 

The ditficnlty in the problem entirely disappears if we admit 
subsidence, and, as has already been seen, the positive evidences 
of sulisidencc are ample. On no other theory, it a[»pears to 
me, can the wa.->ie of the clitl's on the south shore he explained. 
The direct evidences of subsidence, moreover, do not come 
from a sinijle jioint in the arehipela^^o ; they are fonnd from 
Ireland Island and Hamilton Sound, through tlie Main 
Island, to St. George s. And this bein«; th(» case, there is every 
reason to assume that the area wliich was influenced by move- 
ments of one kind or another was not restricted to the present 
patches of exposed land, but extended to the submerged por- 
tions of the archipelago as well. 
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As the result of our researches we may express the follow* 
hig conclusions: 

1. The present form of tlie Ikrnuida Islands bears no relation 
to the ring of an atoll, except in so far as the outer boundary 
may be more or less coincident with the bouudaries of au 
ancieut atoll. 

2. The existence of an atoll in' the present position of the Ber- 
mudas is not demonstrable. 

3. The height of land in the archi]>elago was formed during 
a period of elevation, when seemingly the entire archipelago 
was a connected or continuous ]iieee of land, extending as an 
oval island to what is now the bounding reef on the north 
and on the south. It is impossible lu determine tlie absolute 
amount of elevation above tlie water, but it appears to have 
been not less than 70 or 80 feet, and it may have been con- 
siderably more. 

4. The lagoons and sounds were formed during a period of sub- 
sidence which followed u])on that of t^levation, and is seemingly 
still in j)rogres«:, or was so until a conii>aratively recent ]»eriud. 
The great degradation ol' the eoast-linie took place at this time. 
It is impossible to determine the amount of such subsidence, 
but it was at least GO-70 feet, and nut improbably very much 
more. 

It will be seen that these results, so far as they go, are in ah- 
solute harmony with the views which Mr. Darwin entertained 
regarding the structure of these islands. They do not prove 
the correctness of the Darwinian hypothesis of the formation 
of coral islands, but they measurably sustain it ; on the con- 
trary, they are largely opposed to the requirements of the sub- 
stitute theory which has been recently pro])osed. Elevation 
and subsidence are both shown to have marked the region in 
its development, and these conditions are more in consonance 
with the Darwinian hypothesis than with any other. 
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The question as to what form of conil structure the Bermu- 
das actually are — wliat constitutes tlicir fuiidanR'nt, and how 
tlicy were built to their existing level — still remains un- 
answered, and ]iossihly we may never be able to answer. lUiL 
I l)ave thought it worth while to introduce a discussion of the 
general coral (juestion (the chapter following), as it has a bear- 
ing ou the topic at issue. 
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Perhaps no class of phenomena has been so frequently ap- 
pealed to in evidence of subsidence on a grand scale as that 
presented in the formation of coral reefs. Scattered freely over 
a large expanse of the oceanic surface, these structures consti- 
tute features there as distinctive and prominent as do the 
inoimtuin masses on the continents. Kising in most cases 
from a deep sea, and with a limited extent, their presence, ns 
organie accumulations, immediately suggests peculiaritit.s of 
geological construction which arc to be found in no other 
form of relief. It is an ascertaiiud fact, as has been variously 
deuiuDstrated that the conditions governing the existenc e and 
distribution of reef-building corals (Porites, Dij)loria, Ma-an- 
diina. Madrupora, Tiil»i|)ora, Fungia, Astra'a, elc.i are drawn 
within narrow limits, and tijal they are » (ju<illv of a general 
and of a special character. Broa<lly stattMl these conditions 
are: A surface temperature of the w.itcr never falling below 
70^ or tjS K. ; an al)iience of muddy suJiinent ; freedom from 
contact wiili fresh waters; the necessity, in some cnses, of surf 
action. Accordingly, we lind that reef-structiin s are praeii- 
cally confined to the warm tropical or sublro|iic:il seas, nnd 
that tlicy arc largely wantinLT in tracts where exce[»tiomil cold 
currents have wedged a jiatli iistollio wanner waters, or where, 
as at the mouths of oulllowing streams, there is a free dis- 
cliarge of lioth freshwater ami sediment, To tliis must ]>e ad- 
ded the all-im])ortaiit I'aet that tin- reet"-l)uilding corals are eon- 
iiued to a supt:rticiul zone of the sea not exceeding lUU or 120 
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feet ; beyond this depth we meet only with dead coral. In 
the case of the Bermudas, and in that of a few other reefs, 
the temperature of the water has l)oen known to descend to 00° 
or even O-i*^ F., but this cundition is very exceptional. 

One of the most familiar and wide spread types of coral 
structure is the atoll, which acquires sjx^cial develupiiiont in 
the waters of the Pacific and Indian oci iins. Tt consists of a 
more or less irregular ring of living and dead coral, enelo.sing 
within its boundaries an internal body of water (In^oon ), which 
in many cases is kept in direct communication with the ex- 
terior by one or more connecting cliannels of water ; the breaks 
in the ring corresponding to these passages almost invariably 
occur on the leeward side of the island. The atoll, although 
frequently ao described, is rarely of a circular form, the outline 
being very generally elongated and angular. In extent it 
varies from two to three miles, or less, in length to upwards of 
40 or 50 miles ; where the dimensions are very small the lagoon 
may be completely absent^ or merely indicated by a dry de- 
pression. The breadth of the coral ring itself does not usually ' ' 
exceed 1000-1500 feet, or somewhat more than a quarter of a . 
mile. In the general composition of an atoll, the following 
parts may be recognised : first, an outer platform of coral-rock, 
more or less exposed at low water, which, is the correspondent 
of the ordinary rock platforms resaltinK from tidal destruction ; 
secondly, the beacli-line proper, measuring a few feet in height, 
and consisting of coral sand, calcareous pebbles, and trituialed 
shells; and thirdly, the exposed ring itself witii the width as 
above stated, over w Inch, more especially on the windward side, 
a luxuriant ve<;etable growth is deveIo{»ed. The elevation of 
this portion of the atoll iu(jre eoJinnonly does !iot exceed 10-20 
feet, although exee|)tionally the wind-swept dunes of eui al sand 
attain a much greater heijj:ht. (hi some islaikds, not necessarily 
atolls, however, as Anegada, one of the West Indies, the drift 
banks rise to a height of 40 feet, while on the licrmudas they 
considerably exceed 200 feet, reaching at one point. Sears' 
Hill» 200 feet. 
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On the lagoon side of the ring the sliore-platfonn is very 
oommonly replaced by a gently sloping sand bottom, with or 
without the formation of a true beach area. Frequently there 
juts out from the shore a growing rect platform (u[K>ti which 
the coral growth is fairly profuse), which descends vrith a 
vertical or overhanging edge to a second deeper isone of coral 
life. Over the bottom, which presents a more or less uniform 
character, coral sand and debris, calcareous pebbles, the tests 
of various Foraminifera, etc., are extensively distributed, form- 
ing there a sticky white or bluish paste, much like that which 
extends for miles beyond the outer border of tlie forming reef. 
The depth of the lagoons varies from a few feet to twenty or 
thirty fathoms, as we find it in many island groups of tlie 
raeilic (i'aujDotii, Gilbert's Grouji, Keeling Island, etc.). In 
the .Maldives it exceptionally attains 50 and 00 fathoms. 

As reef-building corals cannot loni; survive exposure to the 
atmosphere it is manifest that tlu upper limit of the growing 
mass will be the actual surface; of low-water. In the line of 
the breakers, or in the shallows just beyond, the coral polyps 
thrive in th< ir greatest prolusion, and the ahnost entl- 
less variety of their forms, not less than tlieir brilliant color- 
ing, never fails to arouse the wonder nml enthusiasm of the 
traveler. rrol". Dana thus ^rnphically describes the forming 
island: "The reef of (h<' ci»ral atoll, as it lies at tlii' surface 
still mieovered with ve;j;('tation, is a jdatform of coral rock, 
n<ua1ly two to four Inimlrod yards wide, and situated so low 
as to i)e swept by vvnves at lii^h tide. The outer ed directly 
expost d to the suri. is eeiierally broken into p(»int> nnd jngged 
indentations, along which the waters of the resur<iin^' wnve 
<lrive with iz?"eat force. Though in the midst of tli<^ breakei^s, 
the edge stands a few inches, and sometimes a foot, above 
other parts of the platform ; the inerusting nvllijutrcs cover it 
with varied tints, and afford protection from the abrading 
action of the waves. There are usuallv three to five fathoms 
water near the margin; and helnw, over the bottom, which 
gradually dccj^ns outward, hinla of coral are growing pro- 
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fasety among extensive patches of coral sand and fragments. 
Generally the barren areas much exceed those flourishing with 
zoophytes, and not infrequently the chistors are scattoret] like 
tufts of vogetatioii in a sandy plain. The grtuvintx corals ex- 
tend up tlie sloping edge of the reef, nearly to low-tide level. 
For ten to twenty yards from the nKir«;in, the n i f is usually 
very cavernous or pierrcd with holes or sinuous recesses, a hid- 
ing y)lace for crahs and shrimps, or a retreat for the Echini, 
Asterias, sea-anemones, and moUusks. * * * Further in are 
occasional {)ools and basins, alive with all that lives in these 
strange coral seas." 

This description, which is drawn from the islands of the 
Pacific, is largely applicable to the condition of the Bermudas. 
Owing to the peculiar submerged condition of the reef I was 
unable to determine satisfactorily to what extent a breaking 
surf was favorable or unfavorable to the growth of corals. At 
the North Rock, the only accessible point of the outer reef, the 
millepore growth is very profuse, and large masses of Pontes 
may be picked out from below the capping of serpula. The 
same condition prevails over the Devonshire Flatts, where the 
surf dashes over a wilderness of atoll-like islets scattered 
through the lagoon. But this is not necessarily evidence in 
favor of advantage derived frotn the surf, since these seemingly 
more favored [latches arc the creators of the surf tin inselves, 
and they must have risen hefore assistance from tlii< <iire( tion 
could Iiave bwn giveii them. Their existence s. cnis to prove, 
however, that the action of tlie surf is no disadvantage, a con- 
clusion opposed to that which was reached hv Bourne from 
his careful studies of the Diego Garcia Reef.* Along the 
inner slope of the reef, immediately receding from what might 
be called the crest, as well as on both slopes of the sorjada- 
capped southern reef, the coral growth appears in unbounded 
profusion, presenting a perfect maxe of millepores, gorgonias, 
and brain-stones. 

*Proc. Royal Society, XLill, Hm, pjK 463-65. 
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There is little or no growth of coral immediately along the 
south shore^ doubtless due to the great quantity of sediment 
that is constantly being washed off from the clifb. The rocks 
of HarringtoD Sound, on the other hand, are largely fringed 
with patches of Isophyllia, Siderastnea, and Millepora, while 
in the deep quieter watersjudgiiig from the number of our 
hauls, Oculina is by no means scarce. Reference has already 
been made to the vast development of Diploria and Mtean- 
drina on the projecting platform of Castle Harbor, over which 
the water is normally in a condition of fair stability. This 
condition confirms the view expressed by Bourne that the 
coral pfTOwth of the inner waters is much more extensive than 
is jrenerally stated to be tlie case. A very large part, however, 
if, indeed, not the i^reatcr part, of the lloor of the big lagoon 
is prncticullv barren. 

Alllioii^ih tlie zone of animal activity in a coral island ceasos 
with the water-line, the actual growth of the island does ntiLstup 
there, but is continued u|»\vnrd by the mechanical and vegeta- 
ble Ibrces. The destructive action of the billows carries I'rag- 
ments of coral-rock far above the limits of coralline existence, 
trituratinir the masses into minute surfaces, and upon this im- 
provised soil a luxurious ve<yetnti(»ii, whose origin lies in the 
seeds wafted thither by tlie winds, or dei>osited by birds, may 
in course of time spring up. Where the action of the breakers 
is greatest the coral rock assumes the greatest coni|»artne--.s, 
.since the fragments and jiarticles that are derived from the 
Triechanical wear and teai- are iiere iirndy lodged or compacted 
into (he spaces of the otherwise comparatively loose coral 
structure. Ou the oceanic side of the island W(» find shallow 
water — ranging to several liundnKl feet — for a <listance of 
between 300 to 1500 feet, beyond which the <lescent becomes 
rapid, dropping sud<lenly to several thou.sand feet. At a dis- 
tance of less than three-<(uarters of a mile from the Islainl of 
Clermont Tonnerro, the load was run out to a depth of 3,000 
feotiand yet no bottom was found : at a distance of seven miles 
a run of 0,000 feet failed to strike bottom. Off the Cardoo 
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atoll soniuliiij^'s made nt a distance of 60 yards from the coast 
failed to dctrct bottom at a dei)tli of 1200 feet, and r)00 feet* 
out from Wiiitsunday Island no bottom was found by Beechey 
at a dejjtli of loOO feet. Captain I'^itzroy found that at a dis- 
tance of 6,000 feet from the Keeling Island shores the lead 
did not strike botlotn even after having been run out to a 
length of 7,200 feet. Seven miles to the north-west of the Her- 
nuida reef, as has already been seen, the depth of water is 
2,100 fathoms, but the coast sliallows for a con8idernl)le dis- 
tance around tlie islands. It would thus appear that the 
pitch of the coral island beneath the ocean is at a very steep 
angle, sometimes considerably exceeding 45 degrees Indeed, 
there are Mome grounds for concluding that in the deeper 
parts the faces are nearly vertical, rising like gigantic walls 
from the oceanic abysses. 

In view of the peculiar conditions attending coral growth — 
the limitation of depth to 100 or 120 feet^the difficulty of ac- 
counting for the occurrence of coral structures in some of the 
deepest parts of the sea at once becomes apparent. It had, in- 
deed, been assumed that coral islands merely occupied the sum- 
mits of submerged volcanoes, and that their distribution over 
the deep-.'^ea was simply an indication of the existence, in the 
region in (juestion, of an equal number of buried volcanic 
peaks or muunLain backs. Recent researches have, however, 
failed in tlie majority of cases to detect the presence uf such 
hypothetical buttresses rising to within a few feet of the sur- 
face, but, on the contrary, tend to show that at least in some 
instances the actual coral portion of the island descends of 
itself hundreds, if not thousan<is, of feet into the ocean. 

The genius of the late Mr. Darwin lias furnished a theoretical 
explanation of the phenomenon which, even if it cannot be 
held to be proved or conclusive, has at least the merit of a 
strong probability in its tavor, and of being in consonance 
with well-determined geological facts and condition.s. This 
"subsidence" theory, which until recently received the almost 
unanimous support of geologists, is based upon the evidence of 
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extensive terrestrial movements, and presupposes the existence 
* of nu meroQS land-masses rising from the deepest water. Aroand 
these, under favorable conditions, rccf-building and other corals 
would flourish in abundance, the submerged cone affording a 
suitable base for the development of (he coral animal. The 
external margin of the coral barrier or buttress, which may be 
assumed to grow from a possible depth of 120 feet» owing to the 
invigorating action of the beating surf, and an increased food- 
supply, would probably rise more rapidly than the inner parts, 
whose development would also in a measure be checked by tlie 
out-pouring of detritul sediment. A shelving inwardly-slop- 
ing collar or bank, having a land-nucleus in its center, would 
tluis be produced. In the ring thus forniing, whose outer mar- 
gin, through the breaking and heujfing action of the sea, would 
be lifted soiiiewliat above the general water-level, we have the 
skeleton of the future atoll. We may now distinguish three 
eleuicnts in its construction : the outer ring or collar of coral, 
the c(-ntral nucleus of land, and the encircling body of water 
wliich separates th<' tun. 

If at this stage of its formation \\v conceive the enclosed 
island to UJ»<lergo a blownnd gradual .subsidence the following 
pliciioniena may beassunied to present thum.st Ives. outer 
border of tlie reef would slowly but steadily bnild it^jcif up U> the 
level of the water, the growth of the cfnal eulony koepiiiiuf ]»aee 
with tiie gradual sinking of its sul^t rat u in. provided this he not 
too rapid. The jiarts siiikiiig beluw tiie line nf 120 feet would die 
out, and their future purpose would lie merely to allord a hnso 
tor tlie «upor-structure. The island portion, on the contrary, 
would sink deeper and deeper, until eventually it might com- 
pletely disappear. We would then have an outer barrier and 
an inner lagoon, with probably one or more communicating 
passages between the latter and the sea cut through the coral 
growth. This is the tyj»ieal atgll. 

When a reef is separated by a considerable body of water 
from the adjoining land it is termed a " barrier" reef, of which 
two distinct types, the ''encircling" and the 'linear" barrier 
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reef, are recognized. An encircling barrier reef differs mainly 
from an atoll in that the assumed subsidence has not been suf- 
ficient to completely bury the enclosed island, leavitig con- 
sequently, no internal sea, but merely a separating channel 
formed within the coral boundary. By further subsidence, it 
is conceived, the encircling reef would be converted into an 
atoll. When a coral boundary extends for a great distance in 
a more or less linear direction it is termed a linear reef, or 
'* barrier" reef pro|)er. The great barrier reef off the island of 
New Caledonia extends in a N. W. and 8. E. direction for a dis- 
tance of upwards of 400 miles, and that of the northeastern 
coast of Au.strulia lias a lincai- extension, with interruptions of 
more than 1U(>() iiiilcri. In thr casu of tlu' latter tlic width of 
the intervening strait is in luuny places betwetn 50 and 00 
milcis, with a depth of water reaching o50 r«et. The reef 
patches, themselves, even in their broader parts, rarely exceed 
our or two miles in width. 

Ikaidcs the three foruks of coral structure — atolls, encireling 
and barrier reefs — which have been assumed to give un- 
equivocal evidence of subsidence, there is still a fourth type, 
that of so-cnlled "friii^Mii^" reef, which has frcncrally been 
coii>ui» rt-il to atlbrtl proof cither of terrestrial siaijility or of 
actual elevation. These frin»^ing recfH liug theimmediote shore 
line, and may, indeed, be said to represent the incipient stage 
or starting point whence the other forms of reefs were developed ; 
by slow subsidence a fringiiii^ reef wonld, on the Darwinian 
bypotliesis, be con vei'ted into a barrier reef. Fringing reefs arc 
frequently continued as a scries of snperiin)»oseil terraces 
above the dry land, — an unequivocal proof of elevation. 'J'hcy 
rarely, if ever, descend in the water to depths much exceeding 
120 feet, and, as might be naturally suppose<l from their man- 
ner of formation, are but rarely associated with the other forms 
of coral reefs. 

Applying the Darwinian hypothesis of subsidence to the 
phenomena of coral structures generally, we may deduce the 
following : A r^ion of atolls, encircling and barrier reefe is 
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primarily a region of subsideDce— of sobaidence now aotaally 
taking place, or only recently completed ; per contra, regions 
. characterized by fringing reefs are regions either of stability or 
of slow and gradual upheaval. The greatest area of indicated 
subsidence is that of the Central Pacific, which has been as^ 
sumed to compass a tract measuring 6000 miles in length and 
2000 miles in greatest width. Commencing at the Paumotu 
group, or tlie Low Archipelago on the south-east, and extend- 
ing to the Carolines on the north-west, the ooral structures dot 
at intervals the surface of the sea for a linear distance of 100 
degrees of longitude, embracing in this space several hundred 
true islands, besides numerous roefe of one form or another. 
Ill the l^uunotu group alone there are, according to Dana, not 
less than SO atolls, 

riie existence of such an enormons subsidence area as is in- 
volved ill tile Darwiiiiiin Iiypothesis is neee^aiily difficult to 
realize, and, indeed, numerous apparently valid objections 
seem to interpose themselves to its full acceptnnee. It has been 
shown that within, or ininiediately on the bortler of, the sup- 
posed subsiding area there occur local tracts where fringing • 
reefs take the place of atolls; and, again, others where raised 
coral patches or terraces clearly indicate elevation. Tlie coral 
on some of the llervey and Friendly islands is stated to oc- 
cur at a height of 300 feet above sea-level; on the island of 
Guan, one of the Ltidroncs. according to ()noy and ' Jayiiiard, 
the eoral rock is in plae(\s fully 000 feet above tiie sea. In 
some island groups, ns Ilawai, Fet^Jee, etc., cond structures ap- 
parently indicative of Ixttli depression and elevatif)n o(r!ir 
intenissociatt d among the ditlerent islands constituting those 
grouj)s, and the same feature — the interassociation of fringing 
and barrier reefs with atolls — has been observed by Semper in 
the IVlew Archipelago (West Pacific). This condition, together 
with various concomitant difficulties that lie in the way of the 
Darwinian hypothesis, has li-d to the rejection by many 
naturalists— Semper, (iuppy, A. Agassiz, Murray. Geikie, and 
others— of the subsidence-theory, and to the substitution for 
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it of a theory of simple coral upgrowtli, witli structural modi- 
fications as depending principally upon currentai action and 
food-supply. 

This theorv, like its nlteriiativc, presuji poses as u first iiecos- 
sary condition of coral growtii tlie existence of n submarine 
basement within the zone of coral life (1-20 fathoms). Upon 
this, which may be the buried slope or the summit nfu volcano, 
or merely a bauk, the coral animal develops <^nd builds (o the 
surface. Where such a sub-structure does not immediately 
exist, or rather does not extend to the zone within which reef 
corals are limited, it is claimed that suitable foundations may 
be obtained through the building up of submarine volcanoes by 
the depositiou on their summits of organic aiid other sediments. 
This would explain the apparent anomaly of coral structures 
rising from depths vastly exceeding the lower boundaries of 
coral growth, a condition which to Mr. Darwin necessitated 
the assumption of subsidence. It is well known that through- 
out the greater mass of the ocean there is a constant rain or 
down-pouring of organic {)article8 in the form of the calcareous 
and siliceous tests of Foraminifera, pterojKuis, diatoms, etc., 
much of wliicli gue^ to furui the vast aceunnilation of wliile 
mud ( Atlantic ur Giobigerina ooze) wliich covers the greater 
part of the uc«'anic floor. Manifestly, such an accnniulation 
must eventually ac<|uii<' i^reut (liickness. It is more than 
doul)tful, however, if any very consi«l«'rabU' thickness of >ueh 
deposit has been built up during the existing perioil of coral 
growth, or that an accumulation of this kind has materially 
aided in buihling up the sub-coral buttresses of the deeper 
seas. The investigations of Air. Murray, deduced from data 
obtained by the "Challenger," indicate that a column of 
oceanic water of 600 feet depth, with a transverse area of one 
square mile, contains some Ki tons of suspended organic par- 
. tides ; these, if precipitated to the floor of the sea, would make 
a deposit Tiiw inch in thickness. It has thus far been im- 
possible to determine the duration of life of the organisms 
fumisliing the organic particles, mainly Foraminifera, and 
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ooDsequently there is no direct way of ascertaining in wlmt 
period the tests of a given colnmn ot .water are replenished. 
But manifestly I there can be no HMe ntpM accumulation of 
the calcareous ooze than there is lime-carbonate suspended in 
the sea; and again, the quantity of lime^sarbonake so sus- 
pended must depend upon the quantity of the formative 
material contained in the sea — ^the quantity of lime earned in 
by the rivers, and any residual or surplus quantity that might, 
be already existing. Now, it would seem from careful obeer- 
vation made on many of the most important rivers of the 
globe that the quantity of lime carried out by them into the 
sea annually is about one-fixth that of their suspended sedi- 
ment, which would cover the sea^bottoni, if precipitated at a 
rate I'l uportional to that of the removal of continental sedi- 
ment—one foot in 3000 years — to a depth of about ,j'oo inch. 
Assuming that one-half of this amount is used by the Fora- 
minifera for the construction of their shells, the rest being 
taken up by the mollusks, corals, etc., then the foraminiferal 
accnraulation from this source would be the ^^^^ part of an 
inch annually, or very nearly the {unount that would accumu- 
late tVuin \\iv drup]>iii<j:< i-onlaiiK-d in the <KK)-foot column of 
water, as deduced fiuiii Mi. Murray's determination. iVt this 
extremely slow rate of aeciimulation, it would retjuire a period 
of 1(M).0(K) years to build up the thickness of a single fout I 
Nalurally along iroa.st-lines, whne the molluscous animals 
largely contribute to the general growing nias.s, and where inor- 
ganic sediiuunlation is unu.sually brif^k. iheprocessof upgrowtli 
may be comjmratively rapid. <^>ipecially in the trend of |)owerful 
oceanic currents. A (.■••ndit inn of tliis kind sct-nis to obtain 
along tiH» Floridian coast, and it is not uidiktly, as has 
been >ui:,L'<'sted by A. Ag!e*si'/. that the Florida banks have 
been i)uilt up largely in liii' manner Jibovc described. But the 
conditions become very dillercnt whon the oi-ianic abyss, such 
as the central Tacific, is substituted for a comparatively shallow 
coastdine. Indeed, even in the case of the Fh»ridian banks it 
is doubtful if most of tiieir upgrowth is not really due to 
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bodily uplift rather than to organic anr] inorganic accumula- 
tion » as we have most conclusive evidence of an nplift in the 
peninsula of Florida in a period at least as late as the Plio- 
cene. Nor are evidences of a more rt'cent contrary movement 
wanting in the same region. 

It will, however, naturally be urged against this assumption 
of slow accumulation that the quantity of the salts of lime 
already contained by the pea is vastly in excess of that which 
is annually thrown in by the rivers, and that, therefore, the 
amount of formative material on hand is amply sufficient to 
meet all the exi<;encies of a rapid growth. The quantity of 
calcium actually contained in every cubic mile of sea-water is 
cstiniatcd to be nearly 2,000,000 tons, while that held by an 
ec|ual volume of river-water is less than loO.OOO Ions. At the 
rate of the present earrviii*; capacity of rivers it is calculated 
that it Would require (ISO, ()()() yearn to ptiur into tlie <icej»n an 
amount of i-alcium equal lu that which is now helil by it in 
solution.* The (juestion here naturally present,s itself: To 
what extent is this surjjhis (juantity of lime drawn upon by the 
oci'anic organinms for the construct ion of their liard parts or 
siceiutons? It is in the Ufiture of things impossible to give a 
direct answer to this (pieslion, but the following con<«iderations 
suggest themselves. As far as our knowledge jicrinits us to 
pa'-'s heyond the region of facts, we can hut assume that the 
salinity of the sea is progressive or cumulative, and not the 
reverse, and that the saline constituents of ocean water are 
primarily the produclij of destruction arising Irom the wear 
and tear of the land-surface. 'Inhere seem.s to he no good rea- 
son for sup]>nsing tliat the quantity of salts in the sea, and of 
lime especially, was ever much in excess of what it is to-<lay, 
unless it wjis near the beginning of geological time ; on the con- 
trary, there are some grounds for concluding that this quantity 
may have been less, and even considerably less, if this coii' 
caption is true, it is manifest that, as far as organic consump- 

*Mofny: " Simcinre* Origia, and Dislribulion of Coral Reefs and Island*." 
Natmre, Feb. 28, 1889, p. 42Q; 480,000 jeais weordinc to Rcsfte. 
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tioii of lime is concerned, there is either existing stability in 
the sea, or that the different shell-bearing animals remove less 
of the formative material for their own parpoees than the sea 
receives from continental .erosion. In the calculation before 
made we have used as a basis merely the quantity of lime-car- 
bonate carried out in solution by riven; to this must neces- 
sarily be added that which is derived directly by the sea 
through its (iwn breakages — ^the wear of the coast^line — and 
the other salts of lime of which no account has been taken. If 
we double the quantity that has been assumed we will proba- 
bly more than cover the available supply ; a rate of accumula- 
tion, therefore, of one foot in 50,000 years would be the result. 
It is needless to say that such a slow accumulation is hardly 
compatible with any notiou of growth from great deptlis, and 
that it is entirely opposed to the view which holds to the 
formation of giant banks leading up to the zone of coral life.* 
But in what, it might be asked, lies the direct evidence that 
giant banks are being built up througli ui>;anic accumulations? 
Is it merely the finding of foraminiferal and pteropod ooze on 
projecting knobs of the ocean bottom ? Tins is not a new con- 
dition, jiihI it is practically repcMted in the Globi^ciina ooze 
whicli covers nmch of theoctniiir lloor. It would, indeed, be 
remarkable ii' such depobils tlid not exi&l, but iheir prrMMicc 
gives no answer to the possibility of buihling up giant Uaiiks 
under the conditions which would be considcied necessary for 
the making of coral islands. No one lias more carefully studieii, 
or is better acrjiiainted with, the Florida reefs than Alexander 
Agassiz, aH«l pei liaps. no class of reefs has been more frofjuenlly 
appealed to in thr recent discnssion of eoral .struetures than 
tliose examined by this authority. We are iuf'Mnied liy Mr. 
Agussiz tliut thes(! reefs are merely organic giuwlhs and ac- 

*In cviclonre of (he p' x^jhle rapid accmniihtion of a foiamimfrral aiul 
plcropoil (kiposit, aiul the builihiiL; ii])of submarine banks, Trof. Ilicksoii (Address be- 
fore Prilish Assoc , Hath, iS.ss luManccs the case of the basal limestone of the 
elevated iccf-. of the Solomon Islands, to wliich .Tttcntion ha*- Imn t .allcd by (Juppy. 
But nianifc-tly this limcHtouc was formed in shailow wa'er, where the cuuditioiut for 
rapid ortjanic accumulation are almost infiniiely more favorable than they are in deep 
water. 
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cumulatlona, whose present positions, whether of horissontal or 
▼ertical distribution, have practically no connection with re- 
cent movements either of elevation or depression. " There is 
practically no evidence that the Florida roof, or any part of the 
southern peninsula of Florida which has been formed by corals, 
owes its existence to the effoct of elevation ; or that the atolls of 
this district, such as those of the Manjuesas or of the great 
Alacran Reef, owe their peculiar structure to subsidence/" On 
what evidence, it might be asked, rest these assertions ? It may 
not l»e easy to prove subsidence in the case of tlie Marquesas 
and tlie Alacran Reef, but I believe it would be ecjually diffi- 
cult to jirove the reverse proposition — i.e., that tliere has been no 
subsidence. As far as the Florida reefs tlu niselvcs arc coiicernedi 
I believe tlie evidence is all but eonclusive that thcv nwe nuu li, 
if not most, of their existence to uplitt, and lu uplift within a 
recent geological period. My own researelies in the southern 
jiart of tlie peninsula have (lenionst rated the existence of T'lio- 
cene dej>osits in vast horizontal, or nearly horizontal, beds as far 
soulli as tlip Caloosuhatciiie, and there ean bo no <|uesti(»n tliat 
these de])()sits,wliieh rise to 10 or 15 feet above tlie level of the sea, 
nre ( (Mitinued for some distance still further to the south." The 
same deposits, moreover, are eapj)e(l by deposits of Post-Plioeene 
age, j»rovin^ tiiat an uplift took plaee in this region as late as the 
Post-l*liocene j)erio(l. Tliat this u[>lift should not have affected 
the apex of the peninsula, and even the reefs beyond, seems 
searcelv credible. From what we now know of the structure of 
the Floridian i>eninsula it is clear that this portion of the 
North Americnn continent represents a comparatively old 
chapter in geological history, and tlmt it has passed through 
much the same ph}u«es of construction as the border area of the 
£a>stern and Southern rnited States. Its periods of elevation 
and depression, extending back through the greater ] portion of 
the Tertiary epoch, were largely coincident with those of the 

»" Three Cruitea oif the Blake." I . p. 61. 1888. 

•»£xplor«tkHi« on the West Coast of Florida and in the Okeechobee Wtliler* 
neis/* 1687. 
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regions above indicated, and the movements were with little 
doubt lonf^ sustained, and certainly aftWcted largo areas at a 
time. There is nothing, ns far as I can see, to indicate that 
these movements were confined to what is now dry land ; the 
more natural conclusion is that the axial or plateau uplift ex* 
tended much beyond the limits of the present peninsula, and 
as well southward as westward or eastward. The similarity in 
the geological structure of Yucatan, as it appears from our pres* 
ent knowledge, lends weight to the supposition that the area 
thus affecteci by movements was perhaps continuous completely 
across the Qulf, 

In explanation of the distinctive form of atolls — the ring 
of coral with its inclosed lagoon — it is claimed hy (he oppo- 
nents of the subsidence theory tliat coral plant^itions building 
up from submarine banks will grow more rapidly on their 
outer margins, where the food supply is the greatest, and 
where, as compared with the inner parts of the mass, there is 
less obstructive sediment, and thus an exterior rim or eleva- 
tion would be formed. The difl'erentiation of the inner and 
outer parts, it is assumed, would be further intensified by the ' 
removal in solution of the lime-carbonate from the less active 
interior portion — the region of coral decay and dotrital accum- 
ulation — and the formation there of a shallow pan of water or 
lagoon. That the distinctive features of an atoll may be brought 
about somewhat in the manner here described can scaK*ely 
be doubted; indeed, the supplemental atolls of diminutive size 
that so frequently accompany the larger reefs, the serpula-reefs 
of tlie Bermudas for example, convincingly ])rove the possi- 
bility of ring structure without subsidence. But in instances 
of this kind the ring is merely a narrow projection, barely 
rising above the shallow central ilepression, and is due prob- 
ably more to the action of a beating surf tlian to any other 
cause. In the case of a true atoll with a large higoon the con- 
ditions are very different, and it seems impossible to explain 
the central depression, often 20, 30, and 40 fathoms, or even 
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more^ in depth, on the assumption of internal solution, aided 
by external acceleration as dependent upon an increased food 
supply. It does not appear exactly clear why solution should 
progress more rapidly within the lagoon than over the deeper 
slopes of the coral buttress, where the protective power of the 
living aninuil is also wanting: nor is it at all likely that such 
solution as actually does take place within the lagoon more 
than coni|>ensates for the accretion of sedimentary material 
derived from the (Irstniction of il)c surronndingr shores, or for 
the organic accuniuiatiou tliat is continuously lorniing along 
the iloor of the lagoon. 

Nfy examination of th<' liernnidas convinces me that. far 
as those islands are conet rned, the rjuantity of lime removed 
from the interior waters is far \vss than that which is added 
through sedimentation and organic development. The bot- 
tom is everywhere covered with fine debris, and the" even floor 
indicates that this debris is of considerable thickness. One 
has but to gaze upon the undercut and crumbling ledges of 
Harrington Sound and the clitls facing the lagoon to be con- 
vinced that accumulation, and not solution, is the prevailing 
condition in these waters. Yet we have here a depth of water 
of from 50 to 80 feet. I am, indeed, far from convinced that 
the organic accumulation which is here taking place' by actual 
growth does not far surpass the material removed through solu- 
tion. The tests, both perfect and fragmentary, of Foraminifera 
are abundant everywhere, but in addition to material derived 
from this source, there exist large areas which are seemingly 
well covered with the .shells of molluscous animals (I'hama, 
Area, Avicula, etc.) and sea-urchins {Tn.ntpnenntei< rarirffntm). 
The latter, witli Arm Nofi, are espi c uilly al)uudant. The 
coral growth of ( astle Harbor, and not less the insular 
patches of millepoie, etc., in the l>ig Ingoon, speak with snfti- 
eient emphasis on this pf>iiit. Tin it ean he no d<'ul)t, too, 
that some of the basins and eliannels have been recently 
shallowing through silting, but of course this may lia\ < boen 
brought about through a mere transference of mati^rial from 
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one point to another. The depth of water in the Flatts iDlet, 
vv ln<;li receives a strong tidal current from the outer lagoon and 
from Harrington Sound, is much less to-day tfian it was in 
the early part of the cer.tury, when the Inlet furnished a safe 
ancliorage to vessels of large draught. 

Mr. liounie finds similar conditions to exist in the lagoons 
of the Diego Garcia reef, and he entirely rejects the theory 
that lagoons could have been primarily formed through solu- 
tion. He shows that nowhere has the lagoon deepened since 
the time when Ckpt. Moresby surveyed the region in 1837, but, 
on the contrary, evidences of shoaling to the extent of a full 
fathom on the south side are not wanting. It is also pointed 
out that the depth of water in the lagoons of the various 
islands which are associated with Diego Garcia is not projior- 
tional to the size of the lagoon, as we should naturally ex[)oct 
to find it in accordance with the theory of solution. This is also 
true of the Bermudian waters, although their relations 
somewhat difier from those of the Cliagos Banks. Thus, 
the depth of water in the comparatively small Harrington 
Sound is measurably greater than that of the outer water, tlie * 
big lan;< >on; it is also injich greater than we find it in the 
superticially more extensive Castle Harbor. 

Experiments made to determine tlie solvent jwwer of sea- 
water show that the process of solution is a very slow one. It 
appears indeed incredible, in the face of such energetic solu- 
tion as is presumed to exist in the ujijicr waters of the ocean, 
that any extensive organic a( < umulation could ever take place 
over the Hour of the sea, where the solvent power of the water 
is materially increased through pressure, and still less possible 
that any considerable luuiMlation c<aild be built up from it, or 
Ivniii ilii- summit of only a nin<lerately (le])resse(l mountain 
|)eak. The fact that in so large a number ol" atolls tlie lagoons 
are either entirely wanting, or are reduced to mere shallow 
pans of water, also niilit!iti'« against Ihe lix pothesis of solution. 

With regard i(» the j'orniaticn of tlie |irimary ring through 
accelerated growth on the outer margin, as depending upon 
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an increased food-supply, it may be reasonably doubted if this 
condition could obtain in the open ocean away from a land 
area, inasmuch as by far the g:reater quantity of the food-sup- 
ply would be given to tlic polyps an a direct down-pouring 
frtun above, and independently, or nearly so, of any currental 
action. It is true that the outer polyps or colonies won 1-1 l o 
favored by having an extra suj>ply on their exposed bor- 
ders, but this would tend probably in the majoritv of oases 
only to lateral extension, or to lateral extension combined 
with upward giowlh — in other words, to a tiiniple turbinated 
growth with a nearly Hat top. It is true that in a few inntauces, 
as has been noted by t>ciuper and Darwiiy, colonies of Porites, 
having a turbiuated form, exhibit a rai:5ed border or lip, but it 
is equally true that in by far tlie "greater number of cases the 
individual larger colonies assume either a clavate or a liemi- 
i^pberical f<»riii, the latter condition being also distinctive of 
the giant i)rain-corals. Mr. Bourne, from his researches on 
the niego Garcia reef, also dismisses the notion that food-con- 
veying currents are especially insirumeutal iii shaping the 
reefs, and he points out that frequently the most elevated side 
of an atoll is turned away from such currents, and, again, that 
a large number of coral islands are placed entirely iooneside, 
or out of the path, of the prevailing ocean current 

But oven grantinj; that through some method of accelerated 
growth on the exterior an elevated bounding ring should be 
formed, the difficulty in accounting for the existence of the 
deep lagoon would in no wise be lesseued; for, in the first 
place, no such ring would be formed below the line of coral 
growth, and we should conse(|Uontly be compelled to assumo 
aa antecedent to its formation the complete upward growth or 
elevation of the submerged bank to the true coral zone, or to 
a greatest possible depth beneath the surface of 100 or 120 
feet. Manifestly, under such conditions there ecu hi be no 
deep depression corresponding to lagoons of 200 or 300 feet 
depth, unless these were subsequently formed by means other 
than solution. Furthermore, it appears that the true energy 
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of ooral growth is concentrated in the first zone of some lifty 
or sixty feet, which would practically mark the dejiili at which 
a bounding rim of accelerated growth would he formed, and 
also fix the depth of the lagoons.*^ But as has already been 
seen, the depth of nearly all extensive lagoons is very much 
greater, iu some cases six times as great, or more. 

The difficulty in the premises disappears almost entirely if 
we accept Mr. Darwin's liypothesis of subsidence, for here the 
accelerated outer growth is assumed to depend no less upon 
iiiteriur retardation (as the result of the accumulation of in- 
jurious sediment), as upon an actual increase in the (juantity 
of the food-sup}<ly. The depth and size of the la|rooii will 
then dei>end upon the extent of \n\u\ ilint has undergone sub- 
sidence, and upon the measure of its stil iiiergence. Where 
the descent is very gradual the upward development of the 
lural structures may by overgrowth completely close out the 
lagoon ; where, on the other liand, the descent isunusually rapid, 
more rapid than the conipens>ating upward growth of the corals, 
a " drowned " atoll may be the result. The great Cbagos Bank, 
which is sitn:i1r(l -nme TDi) luilej; t<> the south of the MnhliMs 
and has a length of ahout HO miles with a greatest \M*ltij of 
70 mil<\s, lias generally been assumed to he only a 0(»iupletely 
submerged or drowned atoll. If raised to ihe surface it would 
be in the form of a true atoll, with a dej>th of water in the 
lagoon of 40-r»(l fathoms. At tiie jtresi nt time tlie bounding 
reef is covered with water of from 4 to 10 fathoms dej>th. The 
Hermuda Islands have also been instanced as an example of a 
partially drowned atoll, but, as 1ms been shown in the preced- 

*Il is vutpriNinp tliat this ccmsiderntioTi in the .\-.vumed fn'mntinii rf deep lagoon^ 
through accelerated marginal growth should be so ycaeraliy overlooked. Prof. Hick- 
son, in his address before the Britiah As-^ociation ( 1H88) on " Theoriei of Cocal Reefa 
and Atolls," (iirnishf'j an instance of such oversight. He says : " It seems very 
probable then that when a lar^e submarine bank, by accumulation of sediment or by 
elcvalioilt comL-s within the limit of coral growth, the growth commences and is 
almost confmi il u> ih<- l of the bank, atid that in course of time tlic edges of the 
bank reach tlx- surface, whilst the Centre of the bank has made little or no progress. 
This seems to be a very reasonable explaoaiioa of the deep lagoons of hag/b atodls, 
and one lo which at present 1 can see no valid ol>jection." 
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ing cliaptcr, there is nothing hi the present lanJ-mass to indi* 
Cixiv that it bears any direct relation to au atoll ring. 

An objection that has been frequently ur|;ed against tlie sub* 
sidence theory, and one that has been more particularly in- 
sisted u|K>u by Guppy as tlie result of extended observations 
nade in the Solomon Islands, is that where fringing reefs are 
exposed they usually exhibit only a moderate thickness of 
true coraKrock, the basement or sub-structure being mainly of 
a i>e1agic character — that is, built up of the remains of 
pelagic animals (Fbnuninifera, etc). Hence, it is argued that 
in the so-called sulisidenoe reefs^atolls and barrier-reefs, — ^the 
actual thickness of coral is very limited, or barely more than 
that which would fall within the regular zone of coral j^r »vvth. 
The lew observations tliat liave been made on this point, tan- 
not be considered to throw much li^ht upon tiie question, the 
more especially as the evidence obiuiued is far fiotn corrobora- 
tive. FurLliermore, it is just in such elevated reefs that in ac- 
cordance willi the Darwinian theory we should frequently 
look for a thin deposit of coral-rock, for if tiiere has been eleva- 
tion instead of subsidence the tliickness must necessarily be 
slight; when, liowever, subdidence had ju'eeeded elevation the 
result would be the opposite. No weight should be attached to 
the oft^repeated assertion that in the older geological forma- 
tions there are no really massive reef-structures. Tliis asser* 
tion is entirely o[>posed to the facts, to cite but a single instance 
j)resented by the Dolomites of the Tyrol, the reef-structure of 
which has been so ably worked out by Mojsisovics and others. 
Furthermore, it is practically impossible in tlie case of a large 
number of the altered limestones to state whether they are of 
coral origin or not. 

One objection against the subf idenoe theory has still to be 
• considered. It is the association of fringing reefs with atolls. 
This commingling of two distinct ty[)es of structure, implying 
movements in opposite directions, has been much commented 
upon, and placed nnder strong emphasis by the adherents of 
the new views regarding the formation of coral islands. But 
the occurrence appears to be entirely without t-ignificance. 
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An alternate movement of elevation and siil> iileiice is no 
more strange over an oceiuiic area than it is on tiie cuntiueuuil 
borders. Yet wc have here ahnost everywhere evich iiees of a 
(lifiereiitial movement, and no p ologist has for a moment ex- 
pressed surprise at the manifestation. AVliat then is the 
anomaly of tlie occurrence of such movements in a eoralline sea ? 
How is the conception of subsidence anta*;oni/.ed by the facts 
of elevation? If w^e conceive of an atoll, witli a deep lagoon, 
once having been formed through subsidence, what is to pre- 
vent a succeeding elevation from lifting parts of this atoll, or 
for that matter, the entire atoll-ring, above tbe water? We 
could still have tlie lagoon of subsidence retained nnd yet aaa 
last record of movement we would have merely the evidence 
of elevation. Because a certain structure is formed through 
subsidence it does not follow that this subsidence should not 
be followed by elevation. Tliis is but the order of things we 
find everywhere expressed in the history of continental masses. 
Indeed it would be but natural to look for local oscillations in 
regions of extensive movement. Mr. Bourne lays great stress 
upon the evidences of elevation (of a few feet) which are pre- 
sented by Diego Garcia, and claims them to be conclusive 
against '* the idea of any subsidence being in progress, as Mr. 
Darwin fancied to be the case in the Keeling atoll **\ I con- 
fess that I can find nothing in this evidence which would pre- 
clude an assumption of subsidence sufficiently recent to have 
produced the characteristic atoll form. We have in the elevated 
beach-rock of the Bermudas unequivocal evidences of elevation, 
but equally conclusive are the evidences of the subaidence 
which followed this elevation. In other words we have here 
the conditions of Diego Garcia simply reversed. Again, in re- 
gions where, as in that represented by the great Chagos Bank, 
it might be assumed that " drowned " atolls have been formed 
as the result of too rapid subsidence, a change of movement 
would be all but certain to develop reefs of elevation in combi- 
nation with those which are assumed to bear in their structure 

*Loc. cU.f p. 440. 
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the evidences of subsidence. In other words, there would be an 
Intenissocialion in the same archipelago of both fringing reefs 
and atolls, for it can scarcely be conceived that all the project- 
ing land-masses of tlie archipelago could, at the time when 
movements of one kind or another set in, have been equally 
elevated above, or depressed beneath, the surface of the water. 
Hence, unequal developments must have t^iken place. 

Such are the principal circumstances connected with the 
history of coral islands. If tlie theory of subsidence cannot, 
perhaps, be considered to be absolutely denionstrate<l, il ac- 
cords bust w itli the facts, and, indeed, may be said to be in 
substantial liarniony with tbeui. Furtherniorr, it iii-lps to ex- 
plain the significant fact, first pointed out Ity Dana, that a 
very large, if not the greater, nunilier of coral structures are 
raiigetl along tlie line of greatest depression in the sea. 

The question here naturally sngp-sts it>(»lf: Is there any 
evidence supporting the theory of assumed subsidence of the 
oceanic basins beyond what is furnished by the coral islands? 
It must be admitted that our ]>ositivc knowledge on this 
. point is very limited — indeed, almost nothing. But various 
considerations lead to the belief that the present site of the 
oceanic basins is a very ancient one, and possibly one that has 
not materially changed, except in so far as intensification is 
concerned, since it was first marked out as the most prominent 
feature of the earth's crust. While manifestly we can have no 
proof of this condition, it seems but reasonable to assume that 
if this vast depression was formed through an early flexure of 
the crust, and as the result of weakness in certain parts of that 
crust, it has retained its position of depression from the first 
With a contracting or moving crust, moreover, particularly 
under the special conditions of loading (sedimentation) and 
continental unloading (denudation), it is likely that a depres- 
sion of til is kind woiild tend to sink or to subside, and force a 
relief from strain in the uplift of the continents. This is the 
view Jiow held by probably the greater number of physicists 
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anH geologists. But it does not carry with it the assamption 
of a necessary permanence in the positions of continents and 
ocean?^; it does not imply that the oceanic basins were 
originally of tlio extent that tliey are toniay, as we are led to 
believe by many geologists. It is far more probable that the 
existing dimensions have been brought about through pro- 
gressive or cumulative subsidence, which has gradually swepfc 
away land^masses that at one time occupied some of the pres* 
ent area of the sea. The long lines of ridges which have been 
revealed to us by deep-sea soundings, and the placing on these 
of many of the oceanic islands (volcanic peaks), together with 
the evidence which the past and present distribution of animal 
life carries with it, all support this conclusion. It seems, in- 
deed, im|K}ssible to account for the existence of oceanic (vol* 
cauic) islands, or for the ne^^ative islands which rise as promi- 
nences from the oceanic Aoor to within a comparatively short 
distance of the surface, except on the assumption of subsidence. 
What is the significance of buttresses like St. Helena, Ascen- 
sion, the Caroline Islands, or the giant peaks of the Sandwich 
Islands rising from de|>tlis of two or throe miles, or more? 
Can it be assumed that they have been steadily built up vol- 
canically from the ocean floor, four or five miles in height? 
This is, perhaps, not impossible, but it hardly ap|)ears prob- 
able. Vulcanism in one form or another doubtless manifests 
itself over the floor of the ocean, but all indications point to a 
comparatively limited action in the greater depths. Were 
submarine eruptions at all numerous, or of that intensity 
which might be assumed to be necessary for the construction 
of a giant mountain-peak, we Bhould be probably made 
aware of their existence in a manner not less emphatic than 
iu the case ot subaeriul eruptions. It nii<;;ht be a.ssuiiiud that 
the long intervals at whicii eruptions tiikc plucu would prevent 
special notice of such plit noincna, aixl that, consequently, 
their cllect^, even if most nionieiiUHis, would be jihiced prac- 
tically beyond obst i x ;it ion. ]?nt this is not likely to l»f tlu^ 
ca.se. When we consider the large number of peaks that ill 
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one form or another come to, or be^'ond, the surface, and real- 
ize how few of them are in a condition of activity, it is diffi- 
cult to believe that many of these peaks are to-day in a course 
of volcanic construction, or that other submarine peaks, scat- 
tered between these, are undergoing a similar process of for- 
mation. It seems far more natural to assume that these peaks 
or islands have been for a long time fully formed, and that 
thev were formed at a time when their relations to the sur- 
rounding .sea were more marly those whieh govern tlic posi- 
tions of by far tlir greater iuiihIkm' of the active volcanoes of 
to-day. In otlici- wonls, they were |M'ol>al>ly continmtal or 
suh-eontineiital, am! their present |io>itioii,-, are the iiuiii-es of 
contintMital sulisidi'iice ; tlie vast mass of overliowing water 
may have ( xtinguislied the tires that at one time supplied the 
material lor eruption. 

The recent discovery of a large number of submarine peaks, 
whose existence had not i^reviously beep even surmisedi rising 
to within a comparatively short distance of the surface, seems 
to support the general conclusion of subsidence. The sound- 
ings of telegraph ships indicate that between the latitude of 
Lisbon and the island of Teneriffe there are not less than seven 
peaks over which the depth of water varies from not more than 
12 to 500 fathoms. From the entire oceanic basin it is claimed 
that there are already known about 300 such "submarine 
cones, rising from great depths up to within depths of from 500 
to 10 fathoms from the surface"*. 

Probably the gn ate^f difficulty that lies in the way of tlie 
acceptance of the sulisideuce theory of coral struetiucs is the 
fact tiiat, tliere are not more islands wliicli are in a condition 
of semi-formation — ?. r., peaks, i)artially submerged and sur- 
rounded by an encircling barrier reef. This is not an in- 
superable objection, and might be treated by some geologists 
in the nature of negative evidence. But the fact is of signifi- 
cance, and must be taken into account for whatever it may be 

♦Muiray: Aa4ure, Feb. 28, 188U, p. 435, 
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worth, in all theories bearing upon the formation of coral 
islands. 

Since the preceding notes were sent to press Alexander 
Agassis has published his observations on the " Coral Reefs of 
the Hawaiian Islands."* This paper, apart from giving de- 
tailed descriptions of the reefs of the Sandwich Islands, 
presents, on the whole, perhaps the dearest statement of views 
bearing upon the structure of coral islands that has yet been 
published, but it can scarcely be said that it contributes 
materially toward the solution of the general problem. Mr. 
Agassiz asserts himself to be a pronounced opponent of the 
theory of subsidence, as, indeed, he has always been since he 
first undertook the very careful survey of the Florida reefe. 
I think it w^ill be gc>iu>ral]y admitted, however, that the evi- 
dence which is now brought forward is, as far as the substitute 
theory is concerned, almost wholly negative, while much of it 
favors the theory of subsidence. Mr. Agassis assumes certain 
definite premises or propositions, which are dogmatically 
stated, but it is difficult to fiiid the exact evideiue upon which 
these preniise.H are bawd. The special points of evidence 
which, in tlie opinion of this authority, render the subsidence 
theory unneeessary and nntenal)le are praetieally tlie same as 
those wliieli liavr alitady \ivvn <liseussed. •And consequently 
lliey <*all for hut liltU' ditailed cMiisidj'ratioii. 

Mr. Agassi/, considers it reinarkuhli il^ it Darwin, wlioisso 
strongly opposed to all cataclysmic t xplauations, siiould in 
the cast' of the cnuil reefs cliri^ to a thei>ry which is hased 
ui"Hi Ihr disa|)j»( araiK'<» of a Pacific continent, and he a|>jpar- 
eiilly .M) iiiiwilliuLi ri'cogni/A* the agency of iiiorc natural 
and far simpler eaii'^«'< : and he further oxpn s^cs liinisclf: 
"as long as we can in >»> many <listricl.'^ explain the formaliun 
of atolls and of harrii r n i ls hv other <*aus( s, fullv sntiieieiit to 
account lor the nnnu rnus except i»»ns to the theory of r>arwin, 
wiiicii have been oliservt'd hv so many investigators since the 
♦Bulleaii .Mu». CoBip. Zoology* .WII. April, 1889. 
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djivs of Darwin and Dana, it seonis unnece«snrv to acicmnt for 
their presence by a gigantic sul)si(lciico. of which although we 
may not deny it, we can yet have l)Ut little positive proof" 
(p. Kil). These refleetions are well so far as tliev ^o. l)Ut have 
the ''natural and far simpler causes " underlying the forma- 
tion of coral RH^fs, which an* to take |»recedence over the Dar- 
winian hypothesis, been satisfactorily demonstrated ? I helieve 
not, and I further believe with Dana and \'on Lendenfeld that 
no facts that have yet lieen brought forward stand in direct op- 
p* sition to the theory of subaidence.* Mr. Agassi z assures us 
that the ** Mosquito Bank, the Yucatan Bank, and the smaller 
banks between Honduras and Jamaica, are all proof that 
limestone banks are forming at any depth in the sea, or upon 
pre-existing telluric folds or peaks, constituting banks upon 
which, when they have reached a certain depth, corals will 
grow " (p. 133), and a similar condition is considered to under- 
lie the formation of the Florida reefs. It has, however, niti 
been shown that these banks have been actually built up in 
the manner that has been described, or that any other banks 
have been similarly reared from really great depths. The 
assertion that the Florida reefs have not hwn assisted in their 
upward growth by elevation (p. 142) is, as far as I can see, not 
suiiporrtecl by fact, for we have in the regular horizontal lime- 
stone beds of the southern part of the peninsula the most con- 
clusive evidence of elevation even as late as the Pliocene and 
Post-Pliocene periods, and there is every reason to believe, 
even if the condition cannot be proved, that this upward 
movement did not stop short of the coral-forming tract. Nor 
does this movement of elevation preclude the possibility of 
suhsidences having taken plaee eoineidentally in the same re- 
gion. It ap|H.*ars to me by no means certain that the de<'p 
cluuinel now s('j)iirating the apex of the peninsula ul 1^'lorida 
from ('ul)u, an<l knuwn as the Straits (»f Florida, was really 
cut hv the (iulf Stn aiiK ns is maiiitaimd hv Mr. Aga>>>i/. It 
«H*nis to me far more jirohablc fliat it, as well as s^inu* ol (he 

*J<atH»'miutniihaJHUh« Kunttukau^i^K. 13, 1888. 
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other deep chaimelH separating the West Indian Islands, was 
formed through subsidence — the result of localized breakages 
in the crust. This view has already been expressed by Suess,' 
who draws a close parallel between the physiographic con- 
struction of the basin of the Gulf of Mexico and thai of the 
Mediterranean. 

Mr. Agassiz thinks it " somewhat surprising that> in the dis- 
cussion which has lately been carried on in the English re- 
views by the Duke of Argyll, Huxley, Judd, and others, 
regarding the new* theory of coral reefs, no one should have 

dwelt uiion the fact, that, with the exception of Dana, Jukes, 
and others who pulilished their results on coral reefs soon 
after Darwin's theory took tlie scientific world hy storm, not a 
single recent original investigator of coral reefs has been able 
to accept this explanation as applicable to the sj>ecial district 
whicli he liinisclf cxamine<l " (p- l-i'^). This condition maybe 
surprising, hut it is not less surprising that the different in- 
vestigators w ho have rejiK'te<l the Darwinian hy|K)thesis should 
have thus far failed to agree among themselves as to their own 
.sj)ccial theories. Thus, thr " sohitioii theory " of the foriiiatiuii 
of the atoll-lagoon, which \\'a^ hem so mu<*li einphnsize*! by 
Mr. Murray, and the |>o.ssil»i lities of which we have already 
(lis<'Usse<K is practicably rejeeted hy Bourne, ^'Ui)j)y. and 
Wliartoii\ and even Agassiz exjiressi-s hinisrll not fully siitis- 
ticfl with its efliciencv. And as fai- as 1 know no satisfactory 
explanation of the forniatif»n of tfie deep lagoons has been 
^ivt'ti by any of these in vest iL^alors. ('aptain Warton lias re- 
cently di'^( riltcil' a nunilK-r of suhniergfd reef-struetures in 
the China Seawliieh liave a deep flat <'en Ire. surrounded bv 
an eh vated growing rim ; it is assumed that were this rim to 
grow up to the surfaci' we would liave the einiracteristic feat- 
urva of an atoll, witii its deep central lagoon, presented. But 

^AiilUu tier l-.y.ie, I. 
■^Nature, \ lHb8. 
(it., p. 393. 
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there is no evidence to show that these submeiged atolMike 
banks are not really batiks of subsidence, rather than of up- 
ward growth, and in their general features they do not differ . 
from the Ohagos Bank which Mr. Darwin considered to n })ro- 
sent a half-drowned atoll. I'litil a .satisfactory explanation is 
fiimishe<l of the origin of these central lagoons, so lung must 
any theory hearing upon the ioiiuation of coral structures ]>e 
considere*! iiK nly tentative. In the case of the lU iiiiuda 
Islaiids. wliich limit the field of my own investigations in (his 
direction, I am confi<lent tliat, whatever niny have Ixcn the 
original cnustruction of tlie region, tlie j»res<'nt lagnon features 
have heen brought about through subsidence; and tliis eon- 
chision was reached before me bv Prof. Rice, who seems to 
have l)eeu amply fiatistied with the subsi<lence theory ! 

On one point in connection with his recent survey Mr. 
Agassiz furnishes important testimony, and that is a^^ to the 
actual thickness of the coral-made rock, or, at least, the depth 
beneath the surface at which this rock occurs. This has Ijocn 
determined by the artesian borings made in the vicinity of 
Honolulu, and elsewhere. At various points the bore pierced 
coral-rock at depths of 100-500 feet beneath the sea-level. In the 
well of Mr. James Campbell, near the Pearl River Lagoon (?), 
28 feet of white coral was. struck at a depth of nearly 1000 feet 
below high-water mark (p. 153), and again at Waimea, Oahu, 
OOO feet was drilled through hard ringing coral rock (p. 152). 
In these facts, however, Mr. Agassiz sees no evidence of sub- 
sidence. He prefers to account fo I- the great thieknessof the 
coral rock "by tlie extension seaward of a growing reef, ac tive 
only within narrow limits near tlie surface, wliich is c»)nstantly 
pushing its way seaward upon llie talus formed }»elow the liv- 
ing edge. This talus may )»e of any thiekness. and tlie old<'r 
the reef, the greater its lieight W(»uld he. as notiiing indicates 
tliut ui the Hawaiian district there has been any subsi<lence to 
account for such a thickness of coral rock in it« fringing reef" 
(|>. ir>4). JUit where are the evidences which 8Ui>|>ort this ex- 
planation ? I must confess that 1 fail to sec any. The assump- 
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tioii of a soawarHly-extendinj]^ talus of coral is, it appears to 
nic, pun'iy ;;rahiit<ms. Iiukid, with tlie very guiitle slope that 
tliese i>lau«ls liavr Ix iicatli tlie sea it is extremely doubtful if 
any extensive talus roiiltl aeeuiiiuUite as a result of either 
ilowutlovv or (lowiiwasli. Prof. Dana has well supplied the 
argument on this point, an<l its seems to me that it is nnan- 
swcrahh'. With n ^xra<lient of perhaps ci^lit dr^n't's, ;»nd 
not iinpossihly much h-ss. it is almost ineoneeiva)»Ie that there 
should he much lateral spread of detaclied coral houlders. 
Neiiher wave-action nor the action of the oceanic currents, 
except possihly under conditions of earthquake disturbance, 
would be likely U> effect the required displacement 

Again, it might be asked» what kind of direct evidence must 
we look for to establish the point th«t there has been no great 
profn^ssi ve subsidence in the Hawaiian Islands ? The needed 
evidence is just of that kind which it pleases the Earth to keep 
to herself, and after which the geologist has in most instances 
sought in vain. The fact that cinder-oones are found " with 
their base close to the present sea-level ** proves, it appears to 
ine, nothing in ihU connection, and I fail to see the argument 
which draws from their existence a proof of non-subsidence. 
15ut Agassiz himself admits that there is "some evidence ot 
subsidence [about oO feet] on the southern shore of liawaii ' 
(p. 

On the wliole, it seems to me, that the facts as they are pre- 
sented are, if they indicate anything at all, directly in favor 
of subsidence, and of subsidence on an extensive scale. They 
are in my mind far more conclusive than the somewhat simi- 
lar facts which have been generally accepted by geologists to 
prove depression or subsidence in delta-deposits, such as those 
of the Mississippi or Ganges. Dr. W. O. Crosby, in his paper 
on ** The Elevated Coral Reefs of Cuba,''* shows that the coral 
limestone of Cuba is in places at least a thousand feet in 
thickness, and he naturally infers that there must have been 

*Proc. Ik»ton Soc. Nat. iiistoqr. XXII, 186U-^ p. 124. 
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subsidence to ueai ly this rtinoiint. Mr. Ap^assiz. commenting 
on tliis important observation, says IT)!), /jo/r) tl Kit it does 
"not tlirovv any lulililional liorht on Darwin's theory of sub- 
sidenco; it is of the same eliaracter as all the siat 'inents 
which jtrove the subsidence by the existence of coral reefs, and 
while there may have been coral reefs formed (iuring sub- 
sidence, it does not prove that their growth is due to subsidence 
any wore tlian the [)rcsence of elevated reefs proves them to 
be due to elevation." This criticism is in a measure valid 
but it must be remembered that one of the "strong" points 
urged by Guppy and others Dgainst the subsidence theory was 
the (supposed) non-existence of massive deposits of coral-lime- 
stone, or such as indicated formation through protracted sub- 
sidence. But here we surely have such a limestone (provide<l 
the observation is correctly made), and its presence removes 
what might have been a valid argument aguinst the Darwin- 
ian hypothesis. And further, there is reason to believe that 
the thousauds of feet of reef-structure which have been dv- 
scribed by Sawkins in Jamaica are largely, if not mainly, of 
coral growth, and represent a formation produced daring a 
long period of subsidence. 

In the foregoing discussion of the structure of eoral reefs, as 
also in the chapter treating of the {)hysical history of the Ber- 
mudas, I have used the term ** subsidence" (and necessarily its 
opposite — elevation) in a relative sense, indicating a depression 
or submergence of the land beneath the sea. But whether 
this submergence was due to a positive movement on the part 
of tlie land, or to a change of level (rise) in the water, cannot 
readily be determined, as the phenomena attending either 
form of movement would be practically identical. The broad 
problem of oceanic transgression and continental stability, 
which has been so forcibly outlined by Suess, cannot be 
properly treated in this place. 
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Mr. Wallace, in " Island Life," has ably discussed the more 
general features of the Bermudian fauna, and analyzed the 

conditions which gave to the fauna its distinctive characters. 
The new inaterial which we were fortunate to ohtain enables 
us to enter further into the (iiscusijion, and to supplement and 
expand tlie conclusions which had been reached from the 
study of only a limited number of an i mil groups. 

In its broader aspects tlic IJerniudian fauna is strictly non- 
continental; it lacks those elements which we associate with 
the anirnul life of any extended land urea, while ne^^atively, in 
the paucity of animal toriiis in general, it presents a character- 
istic of insular faunas. The detieieneies in both the higher and 
the lower groups of animals are well marked, aiid the number 

special types represented is not vrry great. The vast body of 
water which .^uparatrs these islands from the mainland has. as 
miglit have been anticipated, largely prevented tlie crossing of 
American animals, and this is true of all the groups excej>t 
volants. IJarring the two species of whale — right-wliale and 
sperm-wliale — which visit tlie waters of the archipelago, the 
only \^ ild " mammalian forms of the region are bats, rats, 
and a possible shrew (»Sut ( \ V The animal supposed to be a 
shrew is referred to by MuliIm w loiies (Mammals of Bermuda, 
Bull. U. S. National Musenni, bSSl), but unfortunately no 
positive identification has Ijccn made. Four Sf>ecies of rat — 
the brown oi* Norway rat. the black rat, the tree or roof rat 
(Mua leclurum), and the couhuou mouse (Mm muscidm) — are re- 
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corded; the black rat, as elsewhere, is rupidly disappearing, 
and is now on the verge of extinction. There is little reason 
io doubt that some, and possibly all, of these forms were trans- 
ported to the islands in the holds of vessels, just as they have 
been carried from Europe to America, but no absolute date can 
be fixed for the first rat visitation. If the accounts of Jourdan 
are to be credited, no rats were known prior to about 1610, 
although only a few years later (1018) the islands appear io 
have been largely overrun by the tree-rat, and to such an ex- 
tent that, as Captain Jolin Smith, in his History of Virginia, 
says, " there was no island l»ut it was pestered witli them ; jind 
some fishes have hwn taken with rats in their bellies, wliich 
they caught in swimming from ilc to ile; their nests liad 
almost in every tree, and in most places their hnrro\v<-s in the 
ground like conies; they spared not the fruits of the plants, or 
trees, nor the very plants themselves, hut ate them nji (Jones, 
p. 158). Tliisgreatabini liiin as Mattiiew Joues well renjarks, 
ptjirits to a much earlier colonization than the purely histMricd 
data indicate, allowing even for the most raj)id dev« Iojjiiriu 
that these animals are capable of. It would, indee<l, h*- some- 
what surprising if these animals had not made an earlier ap- 
pearance, for it can be readily eoneeive<i that at lea^^t some 
indivitluals, more particularly of the tree-rat, would have found 
their way over, if not through the agency of vessels, on the 
drift timber whieh must at times have reached the island*. 
The narrative of Amerieus ^Vs| >ucius, as bearing ii[mim the- 
islands of Fernando df Noronhu, is interesting in tlus connec- 
tion, since it shows that these islanils, which lie <iirectly in the 
line of the west ward -swee()ing njuatorial currents, were in- 
habited by a form of big rat .h-^ early as 1503, the year of 
Vespucins's fourth voyage. iiow and whence this animal 
came to the islands it is impo>~ihle to suy, but not unHk<'ly, 
as has been suggested by Mr. Wallaee and Prof l*rann<T,* it, 
together w ith a species of amphishicnian, niay have been eur- 
reutaily distributed from Western Africu, a supp<isition that 

*Braiincr, Fauna of the I^bndi of Fcinaiido dc Noroiihai— >Amer. Natwalbi, 
Oa., lSa8.p.S71. 
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seems not unlikely in view of certain anomalies of distribuliou 
which are presented by the Bei inudian fauna. 

Up to the present time there have been recorded from the 
Bermudas four species of bats, two of which, the silver-haired 
bat ( Vetperugo noctivagam) and the hoary bat (Atalapha ci'Mna)^ 
are common North American forms, while the remainhig two 
(JVaehyopg drrliosug — a vampire — and Molotmt rufui^ var. 
obscurus) are more strictly tropical, ranging over much of 
South America and the West Indian Islands. Specimens of 
the last two, coming from the Bermudas, are in the collections 
of the Britbh Museum, and appear in Mr. Dobson's Catalogue 
(1878). These animals must, however, be of extremely rare 
occurrence 'in the islands, since they were unknown to both 
Mr. Jones and Mr. J. L. Hurdis, the latter a fourteen years 
resident. The silver-haired bat is about equally rare, as but 
a single specimen seems to have been noticed in the island group, 
and that one nearly forty years ago.* Even the commoner 
form {MolossM obncurus) is very uncommon, and appears only 
in the autumn months, when the westerly storms bring over 
numbers of American birds. So rare, indeed, are these 
animals generally that they are seemingly unknown to the 
majority of the inhabitants, and even among the older resi- 
dents I found but little knowledge of cheiropterolo^f. It is 
singular, in view of the scarcity of these animals, that Capt. 
Nelson should have considered the " red earth " of the Ber- 
mudas, and also of the Bahamas, to have been formed largely 
as an accumulation of the rejectamenta of bats, which in- 
habited "once-existing caverns" (Journ. Geol. Soc. London, 
IX, p. 209). We observed no bats in any of the caves or 
caverns which we visited, nor did "ancient" guardians of these 
caverns know anything about such aiiinials. Tlie very rare 
occurrence of bats in the islands, ami the circuuistaiicc that 
they are most conspicuous during the periods of heavy storms, 
prove ahnost com lu.sively that these animals are merely in- 
blown stragglers. 

^JuDcs, Maminal:^ of ikrniuda, o^. cit., p. 14o- 
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The bird fauna of the Bermudas, including botii land and 
water forms, compriaeSi as far as is known, some 187 or 188 
species, whioli, with two or three exceptions, are members of 
the North American fauna. These exceptions are the sky- 
lark (Alauda oi'veitds), common European snipe (GaUmago 
media)f and gold-finch {CardudU degam). The first, of which 
but a single specimen has been obtained, has geuerally been 
considered to be an escaped cage-bird, but Savile Keid, in his 
review of the birds of Bermuda (Bull. U. S. National Museum, 
No. 25, 1884, p. 178), believes it to have been more likely an 
inblown straggler. Seemingly only two specimens of the 
European .sni{)e have been reoordi'd, l)oth of them from l*em- 
broke Marsh, where thev were shot in December 1847, bv 
Colonel Wedderburn. The single specimen of gold-finch was 
observed by Savih* Reid near Tfarrington Sound, in April, 
187o; it was very wild, but is still supposed to have been 
an escaped prisoner. Two otlier European birds, the wheat-ear 
{Saxirolu (i funifhr) and lauii-rall {Crex pratensis), have also been 
noted in the Bermudas, but both of these find their wav to 
Greenland and the mainland of America, so that their occur- 
rence is less remarkable than that of the other forms. 

Of the entire Bermudian avifauna somewhat less than one- 
' half the species are land-birds, and of these a fair proportion 
have been observed only on one or two occasions. There 
appear to be but eleven permanent residents, nine land-birds, 
and two water-birds, to wit: cat-bird {Galeoseopies Cdrolinensh), 
blue-bird {Sialia staUs), white-eyed vireo (I treo Novd}oraeefn»is)t 
English sparrow (Poftwr domeatictts)^ cardinal-bird (Oardinalis 
eardinaUs), crow {Corvus Aiiimcanu8)t Virginia ijuail {0>linu8 
Virginianu^), ground doveiQdmnbigalliHapasaerim)^ great blue 
heron {Ardea herodias), Florida gallinule (GaUinuUi gaUata), 
and trojiic-bird {Pliaekm jUmros^tii). Two or three species of 
shearwater (Puffiiuis Ant/lornm, P. ohfwums, ? P. opiMhoinelns) 
have at intervals U en found breeding in the Bernnnlas. but 
seemingly they have now deserted these islands for ollur 
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quarters * Mr. Savile Reid informs us tliat the presence of 
the Virgiiiiu (]uuil or ** bob-white " marks a recent introduction, 
the bird having entirely disappeared from the islands with 
the year 1840; an importation from the United States was 
made in 1858 or 1859, and is the orgin of the existing stock 
of birds. 

Mr. Witnicr Stone, one of my assistants, has furnished lue 

with the following notes on non-resident birds observed by him 
during our visits to the islands in the month of July, a season 
of tlic \ ( ur when liie bird launa is probably at its minimum : 
Wilson's petrel {OctanUm ocfunicnn). A single individual 
seen in tlic wake of tlie sLeaiiKr a short distance out from the 
islands. 

Least saiHlpi[)cr {Tringa viinntUla). Several individuals 
seen near Sjjittal Pt)n(]. July 15. 

Pipin;^ plover (.'R///'/////-^' imlofla). A single individual, whii-h 
followed in the wake of the departing steamer for the better 
j)art of a day. 

( Jreen heruu [Ardra i'i<e->vv ;/.s). A single individual observed 
in I lie mangroves of Walsinghain. 

We lieurd or saw all the r«'*i<lent hinls of the islands with 
the exception «>i" the great blue heron {AnJea Utrodiwi). T\\v 
iirst tropic bird \v;is seen before the land was yet sijjiitrd, and 
from this time until our departure weseldoin lost si<;ht ofthe.se 
beautiful creatures. At the time of oiir visit the breeding season 
was nearly over, and the ueai-ly Hedged youn;; were to be seen 
sitting on the ledges overhangini:: the w;itei'>. The single I'gg 
is deposited in holes in the rock, whicli aie aj)jmrently excavate<l 
bv the parent. We found the birds breeding both on Har- 
rington Sound and on the south shore. The little English 
sparrow was also foun<l breeding among the shelving rocks of 
Harrington Sound. We observed but three crows during our 
sojourn, and it wouhl appear that this bird, which was ut 
various times abundant, even us early as the beginning of the 

*Mr. Wallace mcniiuns the coot as a permanent resident, ImiI probmbly the bird 
intended is the galliimle. 
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seventeenth ceuiury, and as lat($ as the last decade, is again be> 
coming rare. 

The most regular and abundant, amonjx land-birds, of the 
"regular" visitants arc the small-billed water-thrush {Sciimin 
Nm-ehoraeensis), snow bunting (Plectrophaneg mW/s), bobolink 
{Dolichonijx oryziroriut), night hawk (QtDi'deilea Virf/inianun), 
and belted kingfisher (Oeryle aieyaH)f some of which arrive and 
go with almost strict punctuality to season. The pigeon-hawk 
{HifpotriorehU cotumbariuii) and osprey {PandUm haliailu8\ as 
also one or two species of owl, are somewhat less regular, but 
not exactly uncommon. If we except the Seiurus, all these 
birds are either partial migrants or hard fliers, and it is not 
difficult to account for their presence in the islands. Some of 
them, doubtless, reach the Bermudas in the direct line of their 
migration, and are not wind-bonie. The regularity of the ar- 
rivals proven this almost beyond question, as it likewise does 
in tlio case of tlie numerous watrr-fowl — san<lpipers, plovers, 
snipe, etc, — which so largely ubouml during the seasons of 
migration. Tlie condition is otherwise with the Itinls that liavr 
been met with only at long intervals or on sin[,de occusions. 
Tliere can Vm' no (juestion that these are wind-swept, and have 
been involuntarily carrinl seaward by sudden storms. Some 
of the more delicate binls. such as tlie warblers, tits, and liuui- 
ming-bird, have thus managed to reach tlie islands, while, 
doubtless, many more perished in the interval separating them 
from the mainland. It is interesting to note that even such a 
large bird as the American swan should have crossed this 
stretch of the ocean, but it is difl'cult to conceive that the pres- 
ence of this bird is <lue to simple wind-drift. May it not be a 
case of misdirected flight, following the lead of some other 
birds? Possibly the exceptional occurrence of the flamingo 
{PfKenkoptcruB ruber) may be similarly accounted for. 

Excluding the marine turtles which visit the waters there is 
but a single reptile in the islands. It is a skink, Eameces 
hnffirodris, a form closely related to the common skink of the 
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Eastern and Southern United Stati-s, Ewmecei JamiUm, The 
animal is said to be very common, but we saw and obtained 
but a single specimen. Until within the last few years the 
batrachians were wholly wanting from the Bermudas, or at 
least supposed to be so. Latterly, specimens of the big Bufo 
marinm were introduced, and seemingly the new toad does 
well. We saw several of these animals in the brackish waters 
near tlie Devonshire marshes. Not unlikely a species of 
cccciliau also belongs to the Berniudian fauna, and may 
indrt'd be indigenous. We obtained from under a stuiic a 
number of eggs beaded to one another in the form of a string, 
which I was unable to place. Prof. Ryder, uf the Univcr- 
sitv of Pennslvvauia, lias kindlv examined tlie.se for me, and 
he believes that they are the eggs of eu,M ilians. Tliev certainly 
bear a very close re-semblanee to the ligure.sand descriptions; of 
the ova of the Ca'cilia, and must so, perhaps, to those of the 
genus Co eilia itself. It would be interesting to determine to 
what animal the eggs really belonged. They measured about 
5 mm. in diameter. 

The preceding enumeration of species brings prominently 
to light three important points in zoogeugrapljy : 1. The ini- 
jioveiislied character of tlie verlehrate fauna; 2, the distinc- 
tively American, and more particularly, North American, 
asjtect of this fauna ; and 3, the general absence of forms 
peculiar to the islands. 'IMiese conditions would seem to im- 
ply a permanent (past) isolation of the islands from the near- 
est maiidand, and a comparatively brief e.xistence. But tliis 
need not necessarily have been the case. Even if we admit 
a former connection with, or near approach to. the .Xmericnn 
continent, for which, however, there appears to be but little, if 
any, satisfactory evidence, we could scarcely hope, under the 
conditions which have marked the history of tlie Bermudas, 
to have retained many elements of a continental vertebrate 
fauna. The restricted area and absence of freshwater, in con- 
juuction with the depredations of birds of i)rey, would have 
soon exterminated, or all but exterminated, what Uiere may 
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havo been of maminnls, rejitiles, and amphibians, leaving but 
a few groups — bats, rodents — as possible survivals. Nor could 
we reasonably expect to find the remains of such animals 
j,reservcd either in the coral rock or in the drift-rock of the 
islands. With regard to the question of the recent origination 
of the islands the evidence from the vertebrate fauna proves 
little. The great distance of the islands from the mainland in 
itself explains the poverty of the fauna, whether this be old or 
new, while the absence of distinetive or special types among 
birds is, as Mr. Wallace well holds, due to the too fre(|uent 
crossing of migrants or involuntary wanderers, which keeps 
the various breeds true, and prevents specific modification. 
The absence of peculiar species is, therefore, not a result of 
newness ; on the contrary, certain considerations seem to indi- 
cate that the island group is of greater antiquity than has 
been generally assumed, and not impossibly some of the lower 
forms of life now inhabiting it are descendants of an ancient 
fauna which was well developed before the present physical 
conditions were established. 

An analysis of the Bermudian invertebrate fauna shows 
some very interesting and remarkable features, which prove 
the complexity of zoogeographical inquiry. Before our visit 
but little systematic work — ^for most of which we are indebted 
to Matthew Jones— was done in this department of zoology, 
and, doubtless, much still remains to be done. But the general 
features of this fauna are now sufficiently determined to per- 
mit of satisfactory conclusions being drawn from them. 

The marine MoUusca of the archipelago, which up to the 
time of our visit were listed at about 80 species, comprise, as 
far as is now known, some 170 species. These, with probably 
less than a dozen exceptions, are all members of the West 
Indian or Floridian faunas. Lying in the path of the Gulf 
Stream drift, which strands upon the island-shores vast quanti- 
ties of the Gulf-weed (Sargassim bactifenmX there seems little 
reason to doubt that by far. the greater number of these forms 
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were given to the rc <>;ioii from the south. The species peculiar 
to the Bermudas are» as far as is now known, about eleven in 
number, none of which had been described previous to our 
exploration. They are: 

Octopus chromattUf 

ChromodorU zebra^ 

Oiichidium {Onchidtdla) tfmu-AUaiUieum, 

Emarginnlfi dmligeraf 
Ell I a rgin nla p ileum, 
Cncum Urmes, 
Macomn chorea, 

()itherm Pniixtoni, 

( 'hfiina Ihrmijulrnsl.'i. 
Ill addition to the above there are several shells (Plios, 
Columbelki, Pleuiotunia ) which I have been unable to jilace, 
and which ujuy i>rove disiiiu tivo of this hiuiia. On the other 
hanil, it in not in)|K>.sbible llmt ^omc of the forms abctvc named 
mfiy be found els<'\vbere, and tlius lessen the amount of in- 
rii vidualit y wbicli tlic Bernuidian fauna now presents. Thus, 
tlie M>iir.r nurcus, of Mtucli, which was supposed to be {>eculiar 
to the lierniudas, has recently been found at Marco, west const 
of the poniTJsnla of Florida: mxl a species of Cythara, 
(^unuamrMl) which I obtained at Shelly l^ay, I have since Anind 
anjong unidentified material, from Florida, contained in the 
collections of the Academy of Natural Sciences. But the facts 
as^ they stand are sufliciently suggestive, and in conjunc- 
tion with much more marked peculiarities presented b}' the 
terrestrial Mollusca, point strongly, though by no means con- 
clusively, to a fauual individuahiy that could have arisen only 
as tlie result of lon*^' existence, or of a faunal modification that 
was unusually rapid in it^i development. How rapid this modifi- 
cation may have been, or how ohl tlie islands may be, it is im* 
[•ossible to say, and the terms can, therefore, only be used in a 
relative sense; but with either condition an antiquity is indi- 
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cated which extends jnobaljlv far hevond the time tl)at is 
generally associuted with the making of "recent" coral 
islands. 

The nuiiibor of tern'strial mollusks credited to the Bermndiis 
is usually givcMi at 1J> or 20. hut the lift which appears fnrtlu r 
on shows that tl)is number must be increased to 30. An anal- 
ysis of this list indicates that of the thirty species sixteen, or 
somewhat over half, are known also from the West Indian 
islands, five {fidix vorkj; H. microdonta, 11. puldicUa f, IL 
apprcmif and Piip(n«fcs fallaj) occur in the United States, three 
in Europe or the East Atlantic islands (Madeira, Azores — Hdix 
ventricom, Hdix pule/idla, QecUianella acicula), while not less 
than eight, including all the species of the remarkable group 
l^BeUozomks, appear to be confined to the Bermudas. These 
species are : Hdix dUer^'M, jPoBcilttzmitea Bermudenm, P. eir- 
eumfirmakif P, RemiaTM, Suceinea Bermudmmt Alexia Btrmvdm' 
9i»t Mdampus Redfiddij and Hdidna etmvexa. To this number 
may perhaps also be added the somewhat doubtful Hdix 
hypolepia. The large jiro portion of special forms, taken in con- 
junction with the development of a distinct group, is certainly 
remarkable in the case of an island group which has been 
generally considered to be recent in formation, but this spe- 
cialization is also well marked in some of the other animal 
groups. The fact argues for considerable antiquity, and it is 
interesting to note in this eoimeetion that the ancestral typo of 
tlie {leculiar niollusean genus INrcilo/oiiites is represented in 
the common sub-fossil 7*. {Hdix) Sdmni, the probable progeni- 
tor of the recent 1*. {Hdix) Bo'inudcuma. 

The conditions governing the dispersal of the terrestrial 
Molluscahave been fully discussed by Mr. Darwin and Mr. 
Wallace, and there can be little or no doubt that their explana- 
tion of the oceanic transj)ort of these animals is the true one. 
The floating material of the Gulf-drift has in this instance, 
doubtless, sufliced to bring most, if not all, of the non-peculiar 
species of the islands from the West Indies and the Southern 
United States. A few of the species, again, may have been 
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transported by vessels, or even through the agency of birds. 
The interesting question here naturally presents itself: Of 
wliat K hition to ihv Bermudian fauna are the two or tliree 
identical species— //c^ic ventricom, IT. pukhella, and Ciicllianella 
aeicula-^vfhich occur in the Kast Atlantic islands (Azores, 
Madeira, Canaries) and Europe? Are they a part of the west- 
ern fauna which has gradually drifted eastward, and stocke<l the 
European continent from a home originally insular? The 
species (two, at least) have seemingly not yet been found in the 
western hemisphere outside of the B( rmudas, and possibly they 
do not occur elsewhere. If this is the case it is hardly likely 
that they couhl have been carried (except through the agency of 
man) from the Bermudas to the Azores or the (janaries, since 
the first-named islands lie considerably to the eastward of the 
Gulf current, although still within the influence of the Gulf- 
drift. The fact that none of the species of the peculiar genus 
Poecilozonites are found in the Azores or the Canaries is a fur* 
ther argument against an assumed eastwardly transport On the 
other hand, it is just possible that the Bermudas have received 
these species from the Azores and Canaries through the return 
Lusitanian and equatorial currents, and that the Azores fur- 
nished to Europe the continental representatives of the species. 
Tltere would be nothing strange in this, and the northern posi- 
tion of the return currental flow might ox jilain the absence of 
these forms from the West Indian Islands. That islands, which 
are favorably situated as far as winds and currents are con- 
cerned, should have transmitted to continental areas portions 
of tlieir faunas is what we should but expect. It is not only 
that the continents furnish the islands, but necessarily the 
islands must furnish the continents, but to what extent this 
reciprocal action takes place cannot well be determined. From 
various considerations Morelet has argued that some of the 
molluscan forms of meridional Kurojie must have originated 
in, or, at least, been derived fiuin, the Azures. If the ocean 
c uririits wliich now pass off the Southeastern United States 
trended in the opposite direction there can be no question that 
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some of the peculiar land-snails of the Bernoudas would be 
drifted to our shores, where, with a favorable climate and vege- 
table prow til, Ihey would soon multiply and spread, and to 
»«uch an extent as lo make it appear as though they originated 
on tiie continent. 

It might be objected that the.-e .seeming anomalirs of dis- 
tribution can be readily accounted for by assuming tiiat there 
has been .simple artificial transport by means of ve«sel.s. And, 
no doubt, lull allowance must be made for this contingent dis- 
tribution. But, again, on this assumption the absence of the 
cominonest species of land moliusks — those which have been 
most broadly distributed over the earth's surface, and which 
would have found congenial conditions of environment in the 
Bermudas — becomes very striking, and equally so whether we 
consider the forms that may have been transported from the 
Old World or from the New. 

The marine molluscan fauna of the Bermudas is, as has 
already been seen, overwhelmingly Antillean in character, and 
there can be no question that its own history is intimately 
bound up with the history of the fauna of the West Indies. 
The practically total absence of species of the Eastern United 
States which are not found in the Floridian waters is astonish- 
ing, and .^liows liow insuperable is the barrier wliicli tiie waters 
of the Ailaiiiic, and of the (iulf stream particuLu ly, offer to a 
free migration or dispersion of the sj>ecies. This, agaiti, ap- 
pears the more remarkable in the liglitof rertain anomalies of 
distribution which a critical examination of the species reveals, 
and which had aireadv in manv cases been noted as a cliarac- 
teristic of the ^t Indian fauna. Thus, the various species of 
Triton, Triion chlorostama, T. tuherosum, T. cipioccphalm and 71 
pilcarCt are all members of the fauna of the Pacific and Indian ^ 
oceans ; liancUa cruerUata crops up in the variety A', rhodoxtomaf 
from Mauritius. Again, Epidrtymm connnnia, from the Philij)- 
pines, is representril in our collection by a number of individ- 
uals which are absolutoly undistinguishable, both in. shell or- 
namentation and color-markingM, from the Pacific specimens, 
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while they differ somewhat from the closely related Epidromtis 
Swiftif from Antigua. A seemingly undescribed form of Col- 
umbel la (Anachis) is, so far as I have been able to determine, 
most nearly related to a species from New Caledonia, Atmc/iin 
plicaHa ; Naiwa Marochinenm is a member of the faunas of both 
Western Africa and tlie Pacific, and Natiea lactea is apparently 
undistinguishable from N. Flamiiyfiana, frpm the Viti (Feejee) 
Islands, Philippines, etc.,wbence we have also the Area imMeaia- 
A number of forms common to the west coast of Africa and to 
the southern waters of Europe also occur, but these appear to 
be less numerous than the forms which occur in the Pacific 
and Indian oceans. Seemingly but few of the Bermudian 
species are found in the Azores {Purp\im Aamaiitoma, NerUina 
viridiSf Avieula AtUaUica, Pinna rudi»)t a somewhat surprising 
circumstance in view of the large representation of Pacific forms, 
and considering that the Azores lie directly in the path of the 
heated waters of the Gulf Stream. It is, indeed, difficult to 
account for these anomalies of distribution, and for still more 
marked ones, as we shall presently see, which are presented by 
tlie Crustacea. 

Of molluscan forms which have been hitherto considered 
to be restricted to the west coast of America, I can state the 
positive otHunence of only two or three «pecies — Chama 
rj'ogifrii, TrlVmn (jouldii, from tlie ( alil»»i iiiaa coast. In the 
case of botli of these forms I have wvy carefully satisfied my- 
self as tu jiUbolute identity. Arm solida, from the west coast, 
does not appear to diller iiKasinahly from Area Atfamsiy 
a West Indian form which has its representative in the Ber- 
mudian fanna. I feel satislied th.it many more forms are 
common to the east and west coasts of Americii than is 
generally assunKnl to lu- the case. 

There apj)ears t<,> liave been no systematic determination of 
the I>ermudiun Crustacea prior to onr visit to the i.-^lands. 
The collections made by ns are not extensive, but probably a 
full half of th<' species whieh they contain are now for the 
tirst time recorded from the archipelago. By far the greater 
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number of <?pecios — indeed, nearly all of theni^ — are, as would 
l»e naturally expected, forms wliich belong to tropical or sub- 
tjo{»ical America (Florida, West Tntlies, Hrazil). None ol" the 
species, as far as they have been determined — the Jsoj»oda and 
Amj)hipoda still await examination — are peculiar to the Her- 
tnudas, excepting possibly Scyllnruft sailptw. The specimen 
figured by Lamarck in the Encyclopedic^ sub4je<iuently de- 
scribed bv Milne--Edwards, seems to have been " without a 
home/' nor have I been able to trace the species from the writ* 
ings of later authors. I-am, therefore, not in a position to say 
whether the species is strictly Bermudian or not. 

The remarkable &ct connected with the Bermudian Crus^ 
taoea is the appearance of three species of Macrurans which 
had hitherto been recorded only from the Pacific These are 
PalsEmmdla tenuipesj described by Dane from the Sooloo Sea, 
Pa!smm affinh, and I^»ud vdulinuSt the last a species also 
first described by Dana. It is remarkable that the only 
species of Paltemonella other than P. tenvipm is likewise an 
inhabitant of the Sooloo Sea. I am wholly at a loss how to 
account fur the occurrence of these Pacific types at the Her- 
mndfls: they may yet be discovered in sumo intcrnudiate 
region, and tlierel)y lessen the difliculty in the prublein. but 
for the time bein^^ their presence must be considered a /.oou(m>- 
j^rajtliical knot to be cut. The absence of the common PnJ;i inmi 
migaris, as well as of tlie fjrincipal crustaceans of the Kasteru 
United States, excepting the more southerly forms, is strik- 
ingly noticeable. Alpheus avants is a Eurafrican form ; 
Paehygrapsu8 (ranmfermts has been noted also from Australia. 

The insect fauna (including here also the spi<lers) of the Hvr- 
mudas is distinguished more by negative features than by ♦ 
positive ones ; it is eminently deficieuU It is not yet known 
in its full details, but sufficiently fo to show that it is mainly a 
combination of Neotropical (West Indian and South Ameri- 
can) and Holarctic (North American) eleni« iits And here we 
are presented with the significant fact that the insects proper 
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or filers are essentially loi n s commoii to temperate United 
States, wliile tlie non-fliers or araehuiris are more nearly tro[H 
ical or siih-tropical fornis, or such an have recjiiired drift 
material to transport them to tlicir present habitation. The 
former Jiave evi(]t'ntly In'en carried aern>s the inter[)Oi>ing arm 
of the sea in the manner of tlie rarer birds — tlirongh the 
instrumentality of storms. Dr. P. R. Uhler, who has kincJly 
looked over our collections of Orthoptera, Neurojitera, etc.. in- 
forms us that strong winds blowing oif the mainland of MarA*- 
land and Virginia carry countless numbers of nearly all kinds 
of insects out over the ocean, and that tho.se that are drop]>ed 
into the sea are ** returned to the shores by the tides and piled 
up in windrows along the beaches. Among these we have 
often found the half-drowned dragon flies mixed in with the 
thick piles of beetles, bugs, wasps, and flies which stretched 
along the line of the retreating tide/' That many thus wind- 
swept reach to distances at least as remote as the Bermudas 
there can be no question. 

We observed during our brief sojourn but four butterflies, 
Danaisnrchijt^x .^ I'ljramU AtaUmta^ P, earduit and Junonia c«mia, 
all common forms of the United States, and these appear to Ik* 
nearly all the forms that are visually met with in the ishiiids. 
Three or four other species ol day-tiiers have been obst rvcd at 
(liii'tient times, hut thev are of such rare oeenm-mt' lo 
luirely eonshuiic t rue elements of the 15<'rmu(liaii fauna. Our 
l)eetles were limited to .some five or six sjK'cics, which i)r. Horn 
has kindly (let<'rniined f<»r mr to Liyyrus tHmnloHUS, L. f/ib- 
hosuji, Atjo)tO(iei'V8 Uneoki, Cmndela tortnom, and Opatrinuj* 
antliracinm, forms common to Cuba and the Southern I'liited 
States. A number of (»ther species of Coleoptera have been 
collected in the islan<W, but I am not aware that they have as 
yet been carefully determined. 

From the list of Orthoptera, Pseudoneuroptera, and Demio|v 
tcra which Dr. Uhler has prepared for me it will be seen that 
they represent types which are included in the United States 
fauna of the region between Cape Cod and Florida. Dr. 
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I !iU-r calls attciition to the .si^Miiticant fact that two of the 
l*.stHi<luiic'urupt4jr«, Mesotheviis loiiyijftiDn'.^ and J.rstt x uiujuicidata^ 
are fresliwater types, whose hirval condition is depeinU'iit 
iijM»n the existence of frosh. or hut mildly hraekish, waters. 
Tlie lierniudian mv\sU^{lAihuiura riparia — Forjicula </li/(iiitra) is a 
s|>eeies ncently introduced into the Eastern Liiitud States 
from the Mediterranean region. 

• 

Prior to l.s.ss there were hut six s]>ecies of spidei*s recorded 
from the Bernuidas, of whicli tlirei? were descrihed as peculiar 
by Biackwall — Sdllieut diversus, Xydicus palliduMf and Epeira 
grocUipeB* To this number we now add eleven additional 
forms, one of whieli, Lycosa Atlantica of Marx, proves to he 
new. Dr. Marx, of Washington, has kindly determined all 
of our forms, and his notes on species appear on- another page. 
The thirteen species which are not peculiar to the Bermudas 
are the following : 

W. Indies, Florida, Kurope, Asia, 
Africa, Madeira, Canaries, Cape 
Verde Islands. 
Cosnio|X)litan. 
Soutliern Unitinl Slates. 
W. Indies, Florida, S. Amor., Africa, 

Asia. S. Helena. 
S. United States, S. and 0. America. 
I'nited States. 

N. and 8. America (to Magellan), W. 

Indies. 

America, Europe, Azores, S. Helena. 
United States, Guiana, Peru. 
Samoa. 

U. S., Europe, Azores, Canaries, S. 

Helena. 
Cosmopolitan? 

MenemeruB mdanognaihus^ America, Europe, Africa, Canaries, 

Cape Verde I., S. Helena. 



JjiMimi'Iat ru/edcenSf 



Jlrfempoda venaloria, . 
Filistnta (h'prrsMaf . 
Ulobarus ZoiiSf . 

Nephila davipea, . 
Epeira caudata, , 
Epeira labyrinihea, . 

Theridium tqtidaritirtm, 
Ar^yrodn nephilx, 
Pholeiu iipuUndeSf 
Jhf$dera eroeataf . 

MenenuTUS Payhdliit . 
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The remarkably broad and somewhat indiscriminate distri- 
bution of most of these species shows almost beyond doubt 
that they have been principally or laigely transported through 
the agencies of commerce. They, therefore, throw but little 
light upon the subject of zoogeography, although it is inteiost- 
ing to find that such a large number of forms can so readily 
accommodate themselves to the varied conditions of climate, and 
of the surroundings generally, which the different countries 
present. The proportion of )•( culiar forms is greater than we 
should have expected to find in a region which is in such fre- 
(lueiit communication with the mainland, and is suppo:^ 
to be of comparatively recent origin. But, as has already 
been seen, there are good grounds for believing that the 
islands are more ancient than they are generally conmdered 
to be— or, at least, that tlieir fauna is. Mr. Bollman has de- 
termined four species of myriapods in our collectionB, one of 
which, a 8pirol)^m, is apparently peculiar to the islands. Of 
the remaining forms, as far as it has \)vvn j)os.sil)le to ik'tennine 
from im})crfect spiH*imons, one of tlio spet ii's is from tlic 
Azores, unotlier from KurojH', and tlie tliinl from the L uiled 
States. Of eourse the uiunber of speeies eolleetetl is not 
snftieiiMitly gitat to give positive values in tlie matter of 
distril>ntion. 

Of the lower gronps of amtnals, sneh as the sponges, eorals, 
and eehinoderms, we liave prineipally Antilkaii and Fioridian 
types represented. That this shonld he the ease, more par- 
tieularly with tlie reel'-builtling eurals, >lantls In n-ason. Jl is 
less <'Hsy to aeeonnt for the lartre numher of ])r('uliar or n<'W 
f<)i iii> niiiong the Ixilotliurians, unless it he (»u {\\v as,suiii|)tinn 
»»t anliquity. Hut thi v nuiy yet he liiseovered elsi wlieir. in 
the We'^t Indies, althnuuh if they existed in the lialiaiiias, 
wh< r<' we shduld natiaaliy exjxcl t«» look for tlieiii. tliey t-uidd 
scarerly liii\e I'ailetl to attract lheeye> ut" the dillereiil natural- 
ist^ \s ho have Irtaii time t<» time visited the ishmds. They are 
in tlie liermutliis about the most cun.spieuous objects on the 
coral i!$aiids. 
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In summarisdng the general features of the Beimudian 
fauna as they have been passed in review in the preceding 
pages the following broad conclusions and facts present them- 
selves: 

1. The Bermudian iauna isessiMitiuIlv a wind-drift and cur- 
reut-drift fauna, whose elements have h('< ii reoeive<l in prin- 
cipal part from the United States and the West Indies. The 
aquatic animals are overwhelmingly Antillean in character, 
while the animals of the air — birds and insects— are as over- 
wheliningly North American. 

2. Some portion of the fauna appears to have been derived 
(through the agency of the return Atlantic current) from the 
west coast of Eurafrioa (including the African Islands), or even 
from the Azores, while probably but few forms, if any, were 
given to those regions by the Bermudas. 

3. The large proportion of peculiar forms nninn;^ the tcrn s- 
trial MoUusca more particuhirly,and somewhat less .soamon^ the 
arachnids and echinotlcrms, renders it probable that this fauna 
is in part of considerable antitjuity, an<l that some of its eU'- 
ments have b»H'n developed from a fauna pre-existeiit in 
the region when the present physical conditions had not yet 
been established. This conclusion is supported by tlie fact 
that tb'- predecessor of a group of Pulmonata now peculiar to 
the isluudb is found fossil or sub-fossil in the rock of these 
islands. 

4. Certain marked elements of tlie lieimudian fauna are of 
a distinctively Pacific typ<-~ ^^ollus^ a, ( ru^iarea — but it seems 
impossible at the present time to explain this mixed relatiou- 
ship. 

5. The currental water which st i>ar:it< s ilie Uiiiti d States 
from the Bermuda^ prnves n }H';i( t icilly insupi-raiiU- barrier to 
the direct passage of marine animals from the one region to 
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the other ; hence, the forms of the Eastern United States, except 
in 80 far as they may be also members of the southern fauna, 
are almost entirely absent from the Bermudas. 

6. Most of the temperate-American element of the Ber- 
mudian fauna owes its establishment on the islands to acci- 
dental causes — storm-winds ; the tropical (Neotropical element) 
is, on the other hand, the expression of slow but steady diffusion. 

7. Neotropical elements largely preponderate in the perma- 
nent or resident fauna of the islands. 

8. An arm of the sea may be as insuj)erable a barrier to the 
passage of marine animals as it wouM he to the animals of the 
land; caution is hence necessary in the discussion of conti- 
nental and oceanic changes or stability as affecting animal 
distribution. 
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The following notes on the ssoology of the Bermudas are 
baaed on personal observations, and on collections made dur- 
ing a brief sojourn on the islands during the past summer, in 
company with a class of students from the Academy of Natural 
Sciences. But little cfystematic work, other than that in the 
departments of ornithology, ichthyology, and botany, had 
hitherto been done in this remarkably interesting, and typi- 
cally oceanie, island group, and it was thought that a more 
critical survey nii;^'ht bring out facts of general interest to the 
zoological student, and throw some additional light upon the 
intricate subject of zoogef)j^rai)hy. In the results obtained I 
have not been disa|)pointed. The exuberance of animal life 
lias yiel<U <i imich that lias ]>roved to be new to the systeniatist, 
while certain rcmarkaMc peculiarities in the tlislrilmtion <jf a 
number ot wrll-kiiown types of animals open U]> vista.s in j;eo- 
frrapliicHl distribution which appear to me at pust nt to recede 
into darkness, an<l, perhaps, teiul to druw oiily moreclo.sely the 
veil over this mysterious snhject. 

Tlie specimens noted or descril)e(i in the following pages 
were largely o])tained through dredgings, which were carried 
on as well in the outer water as in the smaller interior sounds 
and lagoons. As might have been anticipated the greatest 
profusion of animal life was found on the edge of the growing 
reef itself, the slioals surrounding tlie cluster of rocks on the 
northern barrier known as the North Rock. The wealth of 
forms occurring here almost transcends belief ; unfortunately, 
the limited time at our command and the state of the weather 
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prevented more than a cursory examination of this locality, 
which is macio comfortable for collecting and wading during u 
partial exposure above water of some throe hours. All the 
dredgings wore confined to depths within 16 futhoms, which 
also represents the greatest sounding made by us in tiie lagoons. 

ACTINOZOA. 

The true stone corals of the Bermudas are comprised, so far 
as wo now know, in some twenty-five species, t lie greater number 
of which are nepresented by identical forms in the Bahaman or 
West Indian seas. The geuora thus far indicated are OniZtna, 

Mycedimn, AiArtmy SideraMraeat Pontes^ Isophyllui, Aluandrinaf 
and DIjdoria. The genus Madrcpma, one of the eonimouest of 
tlie Bjihaman and Floridian eorals, appears to be absent. On 
tlie south ;md east side of the island gruuj) the onter margin 
of tln' <ir()\vini; reef, largely eovered by a serpuline ami vcr- 
nu'tiis *^n)\vth, approarhfs to witliin a few ImndnMl R-ct of the 
shore, where it breaks the intlovvin^ surf into u wliite erest. 
Witliiti t\w line of these breakers the depth of water is in 
]>laees as imieli as ten or twelve fatlionis. The brain eoral 
( libn-'ta) and various n(,ru,)iiiaiis develoj) here in great jirot'u- 
sioii, the huge yellow masses of the fornier appearing nbnost 
everywhen; at deptlis of from ten to twenty feet. Vast growths 
of niillepnre also eover the shallower bottoms, presenting in 
the euseiiible a Wonderful garden of animal development. 
This profusion of eoral growth is, lujwever, .sui"passe<l (»n the 
noith si(h', where th<» reef recedes to a ilistanee of some eight 
or nine miles from the i-^land-shores, t'uelosing an extiiiisive 
body of water wliose depth is in general about eiglit or ten 
fathoms, and more rarely twelve fatlioms. Muoli the same 
eoral growth is iinlieated here as on the south side, the large 
brain-eorals j)reponderating l>y their masses. While, probal)ly, 
the gn-atest profusion of aninnd life is really met with on the 
actual edge of the growing reef, this does not appear to be the 
ease with tlie eor ils themsielvey. At any rate, I was unal>li- to 
satisfy myself that tliere was auy marked ditt'erence to be ob- 
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served between the margiiml jjrowtli and that wliich t xti iulri 
j^radually hackvvard from the mur^nn into deep water. In- 
deed, as far as the hrain-coruls theiu^t Ivr's arc cniu'enied, it 
appeared to nie that their hirgest nia.s.-^t - wen to lie found 
soiiu' distiuice within the l)oiindin<r reef, and conse(|ueiitly l>e- 
yond the breaking action of the surf. This condition is again 
sliowii in the comparatively quiet and sheltered waters of Cas- 
tle Harbor, where portions of the platform-bottom may he said 
to constitute one almost connected mosaic of huge Dipiorias. 
In 80 far, therefore, the Bermudas ditfer from the greater num- 
ber of coral islands, in which, as is commonly stated, there is 
a marked deficiency in the coral growth within the bounding 
area, and an equally marked luxuriance on the crest and outer 
slope of tlie reef. 

In most places the largest corals do not come nearer than a 
foot or two feet of the surface of the water, the massive brain- 
corals rarely appearing in water of less depth than five or six 
feet. But in the shallows off the North Rock we found Ptmies 
adrmndei almost at the surface in low water, and just off 
the entrance to Harrington Sound, on the north shore, Sideras- 
tratn galaxca was covered by only about two inches of water. 
The ))or(lers of Harringtoli Sound are largely overgrown with 
species of Tmphyllia^ which likewise approach to within a short 
distance of tlie surface. In the greater depths of the Sound we 
found only Uculina, down to ten fatlionis, the dredge-net being 
frequently eaught and reversed by their ramose stems; beyond 
t^fn fathoms the dredge usually came up em]>ty. 

The following species were obtained by us : 
MyMdiwa flrafUt, Dmaa. 

Two Specimens. North Rock ? 

Harrington Sound. 

0«ahna vaiioosft, Lemicur. 

Harrington «Sound. 
Harrington Sound. 
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I feel satisfied that this species is identical with the preced- 
ing, the same stodc bearing what might be considered to be 

typical representatives of both forms. 

The amount of variation in tlie disposition of the calyces, as 
well as in their individual sha|>e, is very great in this genus, 
uiid 1 inn by no mcan.s sure tliat two or tliree of the other forms 
of Oculina here enumerated re[)resf'nf ;i!i\liiing more than 
varietal modifications. I*onrtalf^s, in liis illustrations of the 
corals of the KU>ii(!a reefs (Mem. Mus. Comp. Zoology, VII. 
plates I and II) correctly refers, it seems to me, both ty|>es to u 
single species (0. vaincosa). 

Oonlina tpeoiota, EdwanlH nnd U»iai«. 

Harrington Sound. 

Oenliaa rMU» Quelch. 

One specimen, from Harrington Sound, whidi agrees in the 
characters of the species from St Thomas (Quelch, Challenger 
Reports, Zoology, XVI, p. 51). The species does not apf>ear 
to have been hitherto observed in the Dermudian waters. 

Oculiua ooronalii, Quilch. 

Ilanin«:loii Sniiiel. First descrilx^d from the Bermudas 
(Chiillt iim r KfjK.rt.s, Zoology, XW, p. 

(^neleli, in liis report on the rt^'I'-huildin;^; eorals »»f tlir 
( 'hallctjgrr (nj>. cit., pp. U and 4I>), euuHieralcs as an additional 
nienilKT ol the Bernin<!ian fauna the (h-nlina Htmiudiana of 
Dnchassaing and Mielielolti. I have Wvn iinahle to find any- 
tliing in the description or tignrcs furtiishetl l»y tiie.se authors 
{Sujijiliinntf an Mi tituirc mr hn i hrfillidirfft des Antilki^, j>. 1(J2, 
j)l. IX, lii;s. 1. 2 — Mt^nrir (hlhi lUah Acrnd. Siietize di Dn'iiin^ 
Ser. Si'c., X.XIil, 1S<U'») to (listinL;ui>h their sju'cics from 
(>rii//7<a .7>mo«a, nor does it appear to me to he distinct. The 
characters upon which the form is .separate<l are excee<nngly 
trivial, and well within the amount of variahilitv which is 
j>resented hy individual specimens of nearly all the .species of 
Oculina. 1 further Ik lit tliat 0. cor(nialisy and possibly also 
0. recto, will have to bo united with O, qteciom. 



Digitized by Googl 



ZOOLOGY OF THE BERMUDAS. 101 

Ia«plijllU avttralU 1 Edwmrd* tDd Hftime. 

Thr^ specimens from the North Hock, doubtfully iniioi^ti- 
fied with this species. 

I am unaV)1c to satisfy myself as to the j>ositive existence of . . 
this species in Honnuda, although (^uelcli n-fcrs to a sin<;lo 
spt'cinifii li;ivii\;r \\i-v\\ oltlaiiu'd tluiv hy the Challenger party. 
Tliis aiithoi ity (loul)U\iliy refers one of the forms fiiriif'ed liy 
Poiulales (///>. ci/., pi. VIT, ti^. 3) as I. dip^dcm La Oana s 
species, hut fnun an exaiiiiiialinn of a niiiiilirr <»f Heniiiuliaii 
^pt einiens wliich a^^Mcr ahsolutely with i*(>urtales"s timire I am 
fairlv convinced that this itl<MitiHcati<ai is incorrect. Tlie 
specimens (h> certainly not agu e sufficiently with Dana's de- 
scription, and if they are not tlie types of a distinct spK ies, 
thou they represent probably only a certain phase of develop- 
ment of /. dipaaeea, as is indicated by i^ourtalte. 

Three specimens, from Castle Harbor. 

Iiophyllia strigoaa. I>ii<-h>b((iuing and Mi«he)oUi 

A iHMiiliei- cd" specimens, from Ifar!-in«:((tii Sound, which 
a^rcc with the description of this ch s. 1 am doubtful as 
to the species iM'in^ ilistinct from y.soy>///////V7 (iipKaaa; possibly, 
however, some of the varieties (so-eulied) of the latter s|)ecies 
figured by I*r»urtal5s are really memlM>rs of this species. Its 
principal distingui.shing chanirt< rs appear to l>e the thinner 
and more irn gular septa, and the terminal cleft that indents 
or separates the septa of opposing calyces wlu>re they cross the 
common wall. It also presents a more bristling appearance 
than /. dipsaeea. 

Xtoplijlllft OuadalMipMitii, Portoti*. 

One specimen. This appears to be a good species, although 
by (^uelch it is referred to ImphijlHa firifftm. 

In addition to these forms (^uelch enumerates ho/ihi/llla 

{Syiiijthijllia) maiyiiiufd, I. ri/li n<lri<-(i, and /. Kiutxi, all of 
Ducluu>suing and Michelolti, as having been obtained at the 
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Betrilyudas, but I )ia\c failed to detect nnv specimens among 
odr»%olloction8 whicti eaii bo confidently referred (o these 
**9|)ecie8. On the other hand, I find one or two forms which I 
;>«}^ve not yet been able to identify with any described forms. 

MdmitnMi ialtXMt Bllii and 8<»l«iid«r. 

% Ahuiulant on the shoals of (tallows Island, near the mouth 
of Flatts Inlet, wlure the colonies come to within iihout two 
inches of the surface ; also uu liie l>order3 of Harrington KX)und. 

Two specimens, dredged in Harrington Sound. 
Puritet MtnMMaii Lunk. 

We found this species very abundantly along the outer reef, 
especially on the flats of the Norlh Rock, where it is the domi- 
nant form of coral. The species appears to have been over- 
looked by the Challenger party, and indeed, the only reference 
that I have been able to find indicating the occurrence of tliis 
comuioti West Indian form among the BermudtvQ is contaitu-d 
in Mr. IJathbun's list of tlie species of Porites in tiie I'luted 
States Naiional xMuseum (^I'roc. I'. S. National Museum, 1887, 
p. :r)4). 

XaBandrina lAbjriatliioa, Bllb ond SnUmlcr. 

Three specimens, from the North Rock. 

This form is represented by large, sub-globose specimens, 
one of which, obtained through purchase, and probably from 
Castle Harbor, has an exceedingly attenuated base of attach: 
ment. The corallum is thus openly turbinate, or even pediciT- 

1at«, and exhibits in its regular scalariform outline the succes- 
sive stafjos of outward developraent. 
Diploria cerebriforims, I'nmk. 

This species is exceedingly abundant in the shoals lying to 
the leeward of the marginal reef, where its huge hemispheri- 
cal or reniforni ni n^sos of bright orange, measuring as much 
as four or live feet in diameter, can be distinctly seen through 
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the transparent waters at depths of from six to fifteen or 
twenty feet. I cannot say how much further down the species 
extends. It is equally abundant in Castle Harbor, where it is 
largely instrumental in building out the shore-platform which, 
at a moderate distance from the shore, descends vertically into 
deeper water. When attached by a contracted base, the brain- 
coral may be readily removed from its moorings ; but where 
the base is largely coextensive with the under-surface of the 
corallnm the dilficuUies of removal are very great, necessitat- 
ing iiiucli undercutting with a chisel. The largest specimen 
obtained by us measured about 28 inches across ; our etlbrts to 
dislodge a specimen about four feet in diameter proved un- 
successful. 

Diploria Stokesi, KtlwardK nnd llnime. 

We obtained a number of specimens of tliis species in Castle 
Harbor, and through presentation ; for the latter my thanks 
are due to Miss A. Peniston, of Peniston s. J ) < habitat of the 
species, as far as I am aware, has not hitherto been noted. 
Edwards and Haime in their description of the species (Hid, 
Nai. deg OoraUiair€8f II, p. 403, pi. D, iig. 3) state "Palrie tneon- 
nue.** I believe it may be assumed that this species is the 
form described and figured by Knorr as Madrepora labyriiUhi- 
forrnis {DdicisB NaiursB SdeciiBf I, p. 18, PL A 4, fig. 1). In our 
collections we have a closely related, and possibly identical, 
species, which assumes a ring form, and in which the peculiar 
calycular hollows of D. Stoked run out into parallel trnnsverse 
^i ooves on the inner side of the rin<;. 

ALCYONAKIA. 

Tlie gorgonians are abundant in the waters inside of the 
bounding reef, whence nearly all our specimens were obtained. 
A few Were nipped up on the south side of Castle Harbor, and 
at the passage way conducting from the north into that body 
of water. 

Bhipidogorgia flftballsm, ValaneicnnM, 

The purple variety of this species is abundant more par- 
ticularly in the uorthexn waars, both near the outer reef aud 
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on the shallows known as Devonshire Flats. We failed to 
obtain any of the yellow forms, and I am not positive that 

t il is variety has ever been found at the Bermudas. 

Gorgonia Plexaura) purpurea, I'iilliu<. 
Qorgonia iPlexaura) flexaoia, l.itinnuruux. 

This species, of which we ol)tained several specimens, is, I 
believe, without doubt the Gorgonia anguiculus of Dana {V. S. 
Exph>ring Expedition, Zoophytes, p. G08). It is referred to 
under Lamouroux's name as a member of tho Hermndian 
fauna in Dana's " Corals and Coral Islands/' p. 114, 1872. 
09rf»ttU (Pltsft«rft) homonaUa, Bif«r. 
OftifraU (Vtonmrft) amltiMniAt 

Gorgonia crana, Eltis and Solander. 

(?. vermieulata, Edwards and Haime. 

The exact limitations and synonymy of this species are 
difficult to make out, but as far as my studies have permitted 
me to analyze the forms above indicated from tho rather in* 
sufficient or deficient descriptions that have been furnished by 
their authors, they appear to represent an identical form. 
As mch I have accordingly referred them in this list. 

OorgoQia I I'lexaura) diohotoma, V-tper. 

A sinjjfle specimen, nicjusuiing about a loot and t}iroe-<|nnr- 
ters in hei^^ht, with the main stems somewhat over a hall-inch 
in diameter. 

Gorgonia (Eanioea) pModo^amtipfttlitS, Lam. 

( )ne much branched s(>ecimen, and another, slightly differing, 
which appears to belong to tho same species. 

Tt«r«f MtroM, (?) Fallu. 

A single specimen of a large Pterogorgia, entirely stripped 
of cceneuchyma, and measuring about two and a-half feet in 
height, was obtained through purchase at the Crawl. The 
axial skeleton is yellowish, or of the color of earth. The 
tereto branches are much more broadly s[>reading than in P, 
Bdona, and unite into a common basal stalk which is upM'ards 
of two inches in thickness. The pinnules are very numerous, 
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exceedingly slender, and pendulous, giving to the whole 
organism the decided appearance of a weepiug-willow. 

T Iiave not been able to satisfy myself as to the exact 
affinities of this species. It appears to differ broadly from the 
common purple sea-feather of the West Indies, and does not 
liave the depressed branches which arc assumed for Esper's. 
Pterogorgia amrna. It is, however, with little doubt one of the 
forms that are included by Pallas in his Gorgonia aeeroaa 
{QuereuM marina Theopkra9ti)t and may bo the one that is 
referred to by Milne-Edwards as Plerognryia Sloanei. 

Of the species of gorgonians above enumerated Dana indi- 
cates Rhfpidofforffia fiahellwn^ Gorgonia flfxvom^ O, hcfmomalla^ 
and G. craHsa as coming from the Bermudas ('* Corals and 
Coral Islands, " p. 114). I find no mention in any more recent 
work of the occurrence there of cilhi r (iovf/oma jmvdo-auti- 
piithm or G. dichotoma. On the otlicr hnnd, we failed to obtain 
the lierogtrrgia Americana mentioned by Dana. 

ACTINIARIA. 

For the following contribution to the ' A( t inolo^'y of the Ber- 
mudas" I am indebted to Prof. .1. Pinyliiir McMurricli, svlio 
has carefully examined and studied all the sfx cimenscontMined 
in our collection. These were not vrr\ numerous, but s^till 
suliiciently so to present a numl>er <»i interesting points in 
special morphology and geographical distribution. The ob- 
servations here recorded have apj)ea red in a»lvance in the Pro- 
ceedings of the Academy of Natural Sciences of Philadelphia. 

lEE ACTIHOLOOT OF IH£ BEBMUBAS. 
BY 

PROF. J. PLAYFAIR MCMURBICH. 

I recentlv received from Professor IIeil]>rin a number of 
actinians which be bad collected in the summer of LSSS, dur- 
ing a visit to the Bermuda Islands. They were entrusted to 
me for identihcation and study, and I gladly availed myself of 
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thtMi|)[)ortun]ty thus afforded of comparing theactitiian fauna 
of the Bermudas with tliat of the Bahomas, which I had pre- 
viottsly studied.* I may state here that, so far as can be 
judged from the material studied, there is very great similarity 
between the two fauDns, most of the speeies from the Bermudas 
oecurring also either in the Bahamas or in t lie West Indian 
Ishmds. Unfortunately, it wa-s inijJOssibU' to adopt the best 
methods of preserving tlie iiiateriai obtained in the I>erinudju', 
the expedition to tiie islands having been undertaken mainly 
for geological purposes, and conseiiuently the specific relation- 
shipt^ of some of the forms could not be determined with per- 
fect certainty. 

SAQABTIDiB. 
Alftaaia. ip? (PI. 10, Sgi. 1 wid 2.) 

In the collection were four specimens of a form which I re- 
fer to the genus AiptadOf inasmuch as in the mtyority of 
respects they resemble forms of that genus, although it was 
im^iossible to asi*ortain the presence of an equatorial row of 
cinclides owing to the ectoderm having been almost completely 
macerated away. Nematocysts were quite abundant in the 
macerated substance contained in the inter- and intra>mesen- 
terial, chambers, but it was not possible to be certain that they 
belonged to acontia, though sueh was probably the case. 

The specimens were about 1 cm. in length and U.**).') v\u. lu 
diameter. The color, as useertuined from the aleoholic ma- 
terial, i.s in the U[»pcr one-third of the cuhimn and in the ten- 
tach s grass-green, while the rest of the column pivsmUs the 
dirty grayish-brown color frequent in alcoholic specimens. 
i\boul one-third of the way <l(»wn the colunin each i>j»eciincn 
presents a well marked cnnstrici ion, below which the <'t»biinn 
is cylindrical, while above it :;ra<lually expands, the disc not 
being at all infolded in eoiilraclion. TIh- base is evidently 
adherent, but in two of the specimens it is much snuiller than 

*Sre Jmtnial of Morpliulugy, vol. iii. This paper is now in fiint and will 
shortly appear. 
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the column, and is almost covered by the infolding of the column 
walls over it; this apparently, however, is an abnormal condi- 
tion. The column is smootb, and no traces of cinclidcs could 
be seen as stated above. Sections (PL 10, fig. 2) show that 
the mesoglcea is thin throughout, and that the circular muscles 
(cm) are only feebly developed. There is a special sphincter 
(sp) imbedded in the mesoglcea, immediately below the margin, 
and, though not very powerful, is yet quite apparent. The 
only species of Aiptatia in which such a sphincter has been ob- 
served as yet is A. pallida of our Eastern coast. Immediately 
below this the mesogloeal muscular processes which &iipi)ort 
the circular niUHclcs are weak, hut further clown Ihey enlarge 
gradually and form a second sphinctt r (fsfV) similar to what 
has hcen dt^ci ibe(l hy R. Herlwig* in IjiuUnlia iiymphra. It 
IS to the presence of this lower fj ►hinder that the contraction 
of the column meiitioned almvc is due. 

^\ \iv tciitncles are 48 in jiund)er and are aiTaii^;('d in four 
cycles. They are .strongly entucnuLOUs, and are not infolded 
during contraction. Those of the tirst cycle measure 1.1 cm., 
and those of the outermost cycle 0..S cm. The eclodermal and 
endodernuil muscular processes are present, but do not cull for 
a special description. The disc is Hat and the stomatodanim is 
without well-marked gonidial angles; sections show that the 
grooves are hardly developed. 

The mesenteries are in four cycles. The six ])airs of the tirst 
cycle are alone perfect ; those of the second cycle are shorter 
but provided with well-developed longitudinal muscles, while 
neither those of the third nor those of the fourth cycle 
have the longitudinal muscles, the members of the latter cycle 
not projecting above the surface of the endoderm. The i »a rieto- 
basilar muscles seem to be wanting, or at least have no marked 
mesoglccal processes. The reproductive organs are l)Onio by the 
mesenteries of the second cycle, and also by tho.se of the first 
cycle (except by tlic directive.'^) below the internal opening of 

*K, Ifcrtw i;^ K(|.ort on ihc Actiiiiaria. Zoology of the Voyage of 11. M. S. 
Challt-ngcr. Vol. vi. Vx xv. \m'Z. 
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the stomntoda'un). This is tlie only Sagartid, witli the excep- 
tion of A. paUidafm which I have o!)s<'rvc(l reproductive organs 
an the mesenteries of the firat cycle, uud it is a case of consider- 
nl)1(^ iinporlanco innstniicli as it necessitates an aUeration in 
the (K'finition of tlie family Sagartiehc as given hy R. HtTtwig* 
One of the essentials of the family is that " the principal septa, 
or septa of the first order, only are perfect and at the same 
time sterile/' The last portion of this statementi though true 
for the majority of Sagartidse, fails in the case of the Aiptasiie 
mentioned. It is not po^ible to separate Aiptana from t(ie 
Sogartidffi ; the members of the genus possess acontia, cinclides, 
the primary mesenteries alone perfect^ and a mesodermal mus- 
cle in some cases, and these must be considered as the chief 
characteristics of the family. 

As regards the species to whit li tlie foriii inidcr consideration 
belongs, the })i(>habilities are that it is identical with -1. yx/Z/if/a 
of our ]\lnstt>rn coast, since in its anatomical peciiliai it its it 
agrees vol y ( losiily with tliat I'm in. The impossibility howcvtr 
of ascertaining the coloration, and what is of much more im- 
portance, th<' ot currcnrc and arrangement of tlie cinclidc-;. 
has prevciitcil a i i rtain iilentitication, and 1 have preferr^ to 
leave tiio species in doubt. 

ANTHBADA 
CoadjlMtla pMllllon. Dndi. utd Mieb. (Plato 14, ig. S.) 

•Several specimens were obtained of a large form, measuring 
8 •) cm. in height and 'i.O-.S.S em. in diameter when pre- 
served, which resembled in coloratimi, cxlcrMal ciiaraeters, and 
for tilt' ni()>t part in interijal structure also, the West Indian 
form ('nndi/ladiit i)(ts.^i(fora. In the alcoholic sj»ecimens the col- 
umn is of a hri<-k-n (1 color wherever the e<*tuderm has bet*n 
[U'cscrve*!, an«t the tentacles are grass-green, tliis color evi- 
dently hcing <lue to the enormous nund>er of zooxanlhella^ 
contained in the endodi'rm. Professor Ileilprin informs me to 
the ix'st of his recollection the tentacles in the living specimens 
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were as a rule tippoil with crinison. In a st'|»aialt' Itottlf is a 
siuglf Sfx t'imen <'vi<lt ntly i<l('ntical with theotluTs. ami nccom- 
panyinji it is ti iH>t( siatiiijj; tliat the rohiniu was ml uiul the 
tentacles brown. 1 Ins specimen wi»s found froely Hoatiiij^ near 
the surface, but had evidently become detached, us its base 
shows that normally it is an attached form. 

The ecUxlern having been macerated away, the outer surface 
of the mesogla^a is exposed to view, and is seen to be divided 
by fine longitudinal and transverse grooves into small quad* 
rangttlar areas. These grooves are continued over the limbus 
upon the surface of the base, the longitudinal grooves there 
becoming radiating and the Utinsverse ones concentric. 

The only character which is marke<lly difierent from what 
occurs in the West Ii)dian specimens of the specien is presented 
by the longitudinal muscles of the mesenteries. The middle 
portion of a section through the muscle-band presents an 
appearance quite similar to that seen in the West Indian 
form, and the internal ed^e is also the same, the long mcso- 
gloeal processes terniinaling abru|)tly, and being followed by 
smaller processes which extend to the commencemetjt (»f the 
reproductive region of the mebcutery; but toward the insiT- 
tion of the nie^senteries into the column wall the arran<^enjent 
is sliglitlv diU'erent i lM. H>.tif?. -i). In the Bahama specimens 
the mesou^l'i a iH-lwern tlje outi i' edixe of the muscle-band and 
the insertion of the m* < nU iy ina» the eohnnn wall is thin, 
and the muscle-band jj^radually thins out externally. Tn the 
Bi^rmuda forms, however, the lungitu«linal muscle begins ab- 
ruptly, and the mesogUta external to it is thick, with short, 
stout muscle processes; or, as in the directives, with tlie 
muscle cells, instead of appearing to cover processes, present* 
ing rather the appearance of here and there dipping down 
slightly into the mcsogloea. 

It is not probable, however, that this slight difference is to 
be regarded as specific, and since in other respects there is 
almost exact correspondence, the Bermuda forms must be con- 
sidered identical with those from the Bahamas. 



Digiii^uu L>y Google 



110 



THE BERMUDA ISLANDS. 



PHTLULOTIDJB. 

Some points of mnsiderable importance as regards the ehar* 
acteristic structure of the niembors of this family have been ob- 
tained from the study of the two forms which I include here 
within it The family was established by Andres* for forms in 
which the disc is furnished towards the center with simple 
tentacles and towards the (tcriphery with foliaooous fronds. In 
one of the forms about to be described the fronds are replaced 
by short digitiform tentacles arranged in a single cyck', l)Ut 
nevertheless it agrees in other structural points with Ovdndia^ 
and 1 have therefore found it neeessary to alter the definition 
of till! family, placing iniportjince (ni internal anatoniic^il 
structures rather than upon external eharacteristies. 

In the rn*st place, in the Oalnciis about to be deseribeil, and 
in DipUiciiity a.s 1 propose to name the genus to which the lorni 
witli tentacles replacing the fronds will be referred, a sphinc- 
ter of the liitluse type is present, but instead of being situated 
upon ihr culiiinn wall below the margin, it occurs internal tu 
tlie margin, between the inner tentacles and the peripheral 
fronds or tentacles. In (). jldsrnlifrrfi from the Bahamas this 
.sphincter was not ul».served, but was probaV)ly overlooked in 
the single specimen 1 ol>taincd for study, and none of tiie prej)- 
arations which 1 still possess include the region in which the 
sphincter should occur. Secondly, in the two species of 
Oulact is which 1 Inivc studied, and in tlif Dipladis, tlir u inidial 
grooves are very deep, and are prolong* 1 ,i considcrabie dis- 
tance below the inner margin of the stomatodaninj ; the liifto- 
logical structure also of the ectndcrni lining tlie grooves dili'ers 
slightly from that of the general surAice of the stoniatodieum, 
it is not thrown into folds as it is cbewherCi and the mesogluia 
of Ihf grooves is thickened. 

I would define thefamilv Phvllactidte as follows: — Actinina? 
in which the <lisc is furnislicd with simple tentacles towards 
the center and with a cycle of &ho\'i digitiform tentacles or 

*A. Andres. Le Attinic. famma mml ft»r» dis G«i/es v*m Nntf^l, MtM*- 
grapAU is. 18S3. 
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more or U*^ folinceous fronds towards thi^ periphery; a .sphinc- 
ter of the dillu.^ij type occurs upon the inner surface of the 
disc between the inner tcntachs and the ontcr fcntaeles or 
fronds; and the stonjatoduuni is pruvidcd witli twu tliM fi ijoniil- 
ial grooves, which are prolonged some distance below the 
inner oxtreniity of iha stoiimtodHMim, 

The iainiiy Phylhictidte was placed by Amlres in the sub- 
order (family) Stichodactylime, the fronds beinp: considered 
homologous witli tentacles. I have here ventured u> remove 
the family to the sub-order Aetinina?, and it will be necessary 
to furnish my reasons for such a change. Tlie tentacles must 
nect^arily be considered outgrowths of the disc, since struct- 
urally they resemble it closely while differing greatly from 
the column. Are the fronds also disc structures? 

The question turns upon what we shall consider to be the 
limit between the disc and the column. The majority of 
authors have taken a more or less distinct fold of the body 
wall, the margin, frequently furnished with conspicuous 
acrorhagi, to be the boundary, and certainly in many cases 
there seems to be a marked difference on cither side of this 
fold. Thus, the column may, as in Bunodcsimd Phyviactin, be 
turbereulated as far as iIk' nmrgin, but iM yond tliis the tuber- 
cles cease, and tliere is a{)]>aroiitly a derided dilli runee between 
the region below and that above the limiting fold. 

In the Sagartidje an<l Paraetida* there is imbedded in t)ie 
column wall below the margiii a sphincter muscle. In other 
forms, liowevcr, such as the Hunodida, which possess a ci renin - 
scribe<l endodermal s|)bin('lt'r, that structure lies internal to the 
margin. If we assume with the Ilertwigs that the sphincter 
is a columnar structure, its situation in the Hunodidie would 
indicate that tiie margin is not the boundary between the disc 
and column. 

Neither the margin nor the si»hincter, however, can be eon* 
aidered the morphological boundary of the disc, since both seem 
to vary somewhat i n position. The true criterion is to be found 
in the difference of histological structure presented by the disc 
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and column ectoderm. This layer in the disc poesesses ecto- 
dermal muscle-cells and a nerve-laver, which structures are 
absent in the column. The tentacles resembling the disc in 
structure jire to be considered outgrowths of that region, and 
[Missing outward from these one findri iliat ilm Lliaracieristio 
structure's of the disc gradually fade out and are lost. It is 
impossible to say just where the change is cojnpiet»Ml, V»ut the 
region in svhirh it occurs must be considered the boundary 1»< - 
twei»n the disc uikI column. In liunodests^iiaf tea kind Auldctinia 
stdhthha 1 tind that the sphincter muscles lie l»on('ath the outer 
border of this inditi'erent region, and are consequently to be re- 
garded as columinir structures. 

In tlie IMiyllactida' the sphincter muscle lies between the 
tentacles and the fronds, and although the ectx^derm in tlie re- 
gion in which it occurred, and in the area between the fronds 
or their representatives and the margin was completely mac- 
erated away in the forms studied, yet reasoning from the rela- 
tions of the sphincter in other forms we must conclude that the 
region between the margin and the base of the tentacles is 
columnar, and that the fronds and outer digitiform tentacles 
are column structures, perhaps comparable to acrorhagi, and 
cannot be considered homologous with tentacles. Accordingly, 
only one tentacle belongs to each intra-mesenterial space, and 
the Phyllactido} must be referred to the sulxirder Actininie. 

Andres, in the introduction to his Monograph, notes the fact 
that the niari^in does not always mark the boundary between 
the disc and the colnmii. He j>ro{>ose.s the term " c<dlai lu 
deiKvfe the portion of the ctilinnn internal to tlu' margin. 
Ciossr'.s term "fos.se "is not appluaiile in all eases, as fur in- 
stan(;e in C'nnfhflnctis. where tiie region does not form a depres- 
sion, but IS horizontal. 
Oalaotis faaoioulata. n. fp. (PI. 1o, fig. 6.) 

Hy this name I di noti' three specimens in various degrees of 
contraction, the largest of which measured about 1 era. in 
height and 1-2 cm. in hn adth. The color, as ascertained from 
alcoholic specimens, is in the lower part of the column a gray- 
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i^li-hrown, similar to wlint is IVtijucntly ^trii in juv^orvi-'d 
Ac'tiniii;i , uliilt? the upper ['art of the coluiiin and tlie IVoikIs 
are of a grass-jjjrcen, toTitacles rescmbliuji: sonu'wliat tlie 
lower part of the eoluuin, but having a distinctly ^^reenish tin^e. 

The column is provided in its upper part with about 48 ver- 
tical series of tuberclei^, probably vcrrucsc, there being alx>ut 
five or six in each series, and i.s thrown into numerous trans- 
verse folds, the result of contraction. The mcsoglcea, Mrlicn 
exposed, appears to be raised into numerous minute elevations, 
whereby the surface accpires a finely punctured appearance. 

The tentacles are moderately long, simple and pointed at the 
extremity. They appear to be arranged in two cycles, and 
from a necessarily uncertain count I estimate their number to 
be about forty-<nght. Their i>ctoderma1 longitudinal muscle 
layer is well developed, being airranged on long slender 
inesoglocal processes. The fronds (1*1. 10, fig. o, tv.) are small, 
yet occupy the entire width of the area between the tentacles 
and the apparent iiiari;iu. They consi.*^t of liollow evaj^ina- 
tions uf tlx- disc, airniii£od in bunches. I could Tmt di tcnn iuc 
with certainly ibeir number in any of thespcrinions, bul there 
are jirobably twenty-fuur of tlieni in all. A wulUlefiuod mar- 
gin is present. 

Inirnedialely external to the biases nl' the Icntacles, an<l lyin<; 
between them and tlie frond< there nn endiKli i inal spliin« ter 
(sj)) fairly well devcdoped. iniine<liate]y external to it, in the 
region occuj>ied by the fronds, and for a slight distiince down 
the cfduinn-wall below the margin, there are no muscle proc- 
esses, but further down they do occur, forming wliat might be 
termed a srcond spbiiu ter, thotiirb it is by no means well 
developed. The surface of the di.sc between the tentacles and 
the mouth is deeply depressed, so that a fo5se is formed around 
the peristome. The mouth is large. Sections show that over 
the general surface of the stomatoda^um the mesogloca is very 
thin, and upon the ectodermal surhice gives rise to numerous 
more or less regularly arranged fine promses, over which the 
ectoderm ihisscs so as to be thrown into numerous folds. The 
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gonidial grooves are deep, and are prolonged some distance 
below the rest of the stomatodiBum. Its mesoglcea is much 
thickened, and is devoid of processes upon its ectodermal su^ 
face, being thus strongly contrasted with that of the stomato- 
da*URi. In its histology the ectoderm of the groove also differs 
from that of the general stomatodieumy the glandular cells 
being evidently fewer in number, but the preservation of the 
specimens was not sufficiently perfect to permit the details to 
be made out 

There are altogether twenty-four pairs of mcaenteries, twelve 
of which are perfect The six primary pairs are united with 
the 8tomatod»um to a greater extent than are the six secon- 
daries, and the two pairs of directives have a much more ex- 
tensive union than any of the other primary mesenteries, 
owing to the great prolongation of the gonidial groove?. Tlte 
longitudinal muscle processes form a ftrougly projecting 
though rather narrow band, the edges of wliich are shar]»ly 
defined, the processes being of equal length tliroughout the 
muscular area, and diminishing abruptly towards the sides. 
The niesoglcea of the portion of the mesenteries external to 
the muscle bands is rather thick, and there is a strong parte((«- 
liosihir muscle. Apparently only the mesenteries of the third 
cyclo, i.e. the imperfect mesenteries, are gonophoric, but n>y 
preparations do not allow of certainty on this j)oint. 

A lew iHimarks arc ealle«l for concerning tlie n hitionship (»f 
this species. I was at first tcinptiMl to iiltntify it with (), 
foi iuoMi,^ but further consiiU ration letl me to separate it as a new 
species. The fronds ilitl'er niarkt«lly from those of otlier 
species of (hdiuiis. In these thev liav( \nen (Itscribctl as 
being " r7<<(urnf*'v." a term which cannot he applied to the 
fronds of O, fasvicultifd. In it tlu-v consist ol bun< hes of linger 
or club-sliapcil hollow pi-orcsscs. tlu' various processes of each 
buuili I'cinu uniird by their base but distinct above. Tliis 
arrangement siiggesud the specitic term which I have enj- 

'Ducli.i viiiv^' and Mul.tlutti — A/fm, A'tti/t AtioJemia di Torm«* ![fiiid Ser. 
xtK, IhtiO, and xxiii, IvSGU. 
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ployed, and I tliink is of sufficient ini}>or(an( u to wanaiit tlie 
formation of a new >iit'( ie.s. Il was a (|ue.stion whether a new 
genus should be instituted, as N ei rill' hns »lone in tlie ense of 
Lophacds nimnia, but there is such close agreement with tlic 
Balianian O. jfoHnilifcrti as regards the internal structure, the 
number of perfect mesenteries, and tlie distribution. U]>on the 
mesenteries of the reproductive organs, that such a proceeding 
was considered unnecessary. It seems probable that the genus 
LophactU should be fused with Oukdis. 

nilLAOm. Q«n. nov. 

I proiK)se this generic name for two species, one of which is 
described below, which do not soom to be referable to any of 
tlie genera now recognized. The genus may be briefly defined 
as follows: — Phyllactidw in which .the fronds are representiKl 
by a single cycle of short digitiform tentacles and in which all 
the mesenteries except those of the tirst cycle are gonoplioric. 
The term lUpkidis has ijcen chosen as indiciiling the tentacular 
4i]>pearance of tlie tronds, from which it seems as if there 
were two series of tentacles, an inner and an outer {dqUtms, 
double, and (//.7/,y, a ray). 

In the SupplenK iitary Keport on the Actiniaria collected by 
the " Cliallenger," K. llertw ig <lecrihes a form whose locality 
is unknown, which he refers to Gosse's genus Jlormaihia. It is 
very similar to the form about to be described from the IWr- 
niudas, and there can be no doubt that though specifR-ally 
distinct tile two nnist l)e referred to the same genus. ( Josse's 
HormatiM was described from a single specimen brought up 
on a deep-sea fishing line, and attached to tlie shell of a living 
Fusus. It was characterised by possessing slightly below the 
margin about ten spherical protrusions. I do not think it is 
possible to associate in the same genus with this either the 
Bermuda Diplaciis or Hertwig's Hormatiiia. In the finst place 
in both these forms the bodies near the margin are digitiform 
and not spherical ; and secondly, these bodies are situated not 

» Vtrrill, — Trans. Conn. Aca<l. Vol. i, iHtiS. 

s P. H. GuMC. ** Aclinolggia Britaiinica." London. ]8(iO. 
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bi'low the marj^in, but internal to it. In all the Hennu«la «]x'ti- 
uu'ns, of which tliero are <juite a hirjjje nuin])cr, a well-niarkt'J 
margin isprosent and lit rhvig describes in his form a fold of the 
column-wall which mubt be considered o<|uivaleut to the ninr> 
gin of th(> othor species. Although the marpjin cannot be con- 
sideml of importance as marking the boundary (»f the disc, 
yet it is a structure of fre(|uent occurrence and must be tiiken 
account of. Structures that occur on the column-wall below 
it, as in Homwlhla, cannot be considiTed identical for syste- 
matic purposes with others which invariably lie atiove or 
internal to it, and an not ({uite similar in form. 

It must be noticed that Haddon has recently referred to 
Gosse's Jloi-ninfltia a form* altogether different from that as- 
signed to it by Ilertwig. The correctness of Iladdort's idea* 
tiHcation is quite as doubtful as Hcrtwig's» if not a little more 
ao. The form is certainly a Sagartid, and probably a PluUia, 
it being stated that it h very similar to Hertwig's Phdlia 
pedinala. 

Heriwig refers his Di^dacth (HomuUhia) ddieatula to the fam- 
ily Antheadtr^ on account of the diffuse endodermal nature of 
sphincter. The situation of the mus-^le and other characters 
make it evident that Diplaeits should he associated in the same 
family with Ouladia, In the Phyllactidie as here limited we 
have several grades of complication of the fronds. In DiphdU 
thoir structure is exceedingly si mi>le, being simply digitifonn 
in /A ^m)n(i/<*nms and club-shaped in D, ddieatula. In 0./a*ci- 
cUUjta they are somewhat more complicalcd, and from this tlie 
passage is easy to Vcrriirs 0. {Lopliadls) onmla^ and from this 
to the very complicated structure seen in 0. fioacidifera. 

SipUoti* BerandtntU. n. tp, (PI. 10, fign. 4 «n«l fi, PI. 1 1, figs. 1 and 2.) 

A number of sjiecimenM of the form for which I propose this 
name were obtained. The majority were in a partially con- 
tracted con<lition, but apparently the pt)wer of contraeti(.n is 
not fully developed, a.s in none were the itntacJes e(un|dete]y 

* A. C. I lii<l<lon -~< ht iw<> s|>ic>e« of Actiniae from the Meq*ui Arciii|)«iago.— 
Jouni. l.tiiM. Soc. Vol. XXI. ISbS. 
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concealed. The average height of the specimens is about I'S 
cm. and the breadth nearly the same, and thus D. BermudentU 
is decidedly smaller than D, ddi4Xiitila, The ectoderm has been 
almost entirely macerated away, so that the external surface of 
the mesogloBa is exposed to view. This presents numerous 
transverse folds due to contraction, but in addition fine linear 
depressed airm are present, both horizontal and longitudinal, 
dividing the surface into numerous rows of small quudraiigii- 
Inr elt'vutions visil)le to tlie unaided eye. The color through- 
out is a tlirl^'-grucn. 

The ba.se is udhertiit, flat, and abuul thu same size as the 
column. It is u)aik« <l by radiatinir and concentric striae eon- 
t iniiations of the lon«,Mtu(linal nn<l liuri/.ontal ^1 riic respectively 
of tlie column. No verrucji- oi- tiil>erclcs occur ou tlie coluuiii. 
thoui^-li the quad ranguUir areas prodnccd by the striie are 
slightly more prominent toward the margin. Tiiis is well 
marked un<l smootlx, and is separated from the tentacles by a 
deep fosse (collar), near the bottom of which are about 12 short 
<1igitiform fronds about 1 mm. iu height. (H. 10, tig. 4p, and 

in. 11, tig. 1.) 

Between these fronds and tlio tentacles there is upon the 
eudodermal surface of Uio collar a sphincter (PI. 10, fig. 4, sp) 
of the diffuse type, which differs markedly from that of D. 
ddieatula, the mesoglceal processes being much more delicate, 
and anastomosing somewhat in their proximal portions (PI. 
11, iig. 2). The circular muscles of the column wall external 
to the digitiform fronds are ifairly prominent, and are con- 
tinued the entire way down the column, not enlarging however 
to fonii a .siH.*ond sphincter. 

The tentacles are simple, conical, and of moderate length, 
ami arc arranged in four cycles, their number bciii;^ probably 
i)C). Hv actual count thev seemed to varv somewhat, usually 
falling below that nuuibcr. l»ut the discrepancies are probably 
due to the difhculty of making a correct enumeration. They 
p(»s-<.-s well-developed mesogheal process<'s for the snjijiort 
of the cutoderuittl muscles. The disc is deeply folded in, in- 
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ternal to the tentacles, so as to form a deep fosse around the 
peristome (PI. 11, fig. 1), which, however, does not rise above 
the level of the maigin. I was not able to distinguish in any 
of my [iK parations the delicate mesogloeal processes of the disc 
which support the ectodermal muscle oells in D. dtltctihila, but 
it is possible that they had been macerated away. 

The mcsoghea of the stomatodteum is raised upon its ecto- 
dermal surface into prominent but rather delicate ridges, over 
which the ectoderm is folded. The gonidial grooves arc deep, 
and lis in Ouladis are prolonged beloW the level of the internal 
opening of the stomatodseuin, and have the mesoglcen thick- 
cnod. In D. delicattUa Hertwig describes tlie gonidiiil i^^rooves 
as being hardly marked in the slomatodteum, and if this is 
found to be an invariable eharacteristie, it w ill be necessarvto 
alter :3lighlly the definition of the IMiylluctida' given above. 
The depth of the grooves, and their prolongaliun (h)\vn\v}inlf;, 
are marked in the other nieinl)er8 of the jjronp that I hnve 
examined, as to suggest that the apparent ishalluwness in tiie 
specimen examined by Hi rtwig may be due to distortion. 

The j>riniary and secondary mesenteries are perfect througli- 
out the whole length of the stomatodanim : the tertiaries lire 
perfect in their upper part, but lower down .'ej»arate fVoni the 
stoinato(l;rnm ; while the fourth cycle consists entirely of iin- 
perfoct mesenteries. The directives are attached throughout 
a greater part of their lengtii than are any of the other nics^en- 
terics, owing to the prolongation of the gonidial grooves. The 
longitudinal ninseles in the upper portion of the mesenteries 
fornv a low hand, covering the greater portion of thennn-gono- 
jtlioric regioji of the mesentery ; internally the muscle procci^jies 
erid rather abruptly, Imt externally they gradually diininish 
in si> \ In the lower part of the mesentery, below the level of 
tlie slotnaioda inn, the arrangenienf of the mnsrle processes is 
very ditlerent (I'l. 10, fig. 0). Tiiroughoui the greater j)ortion 
of the non-gonophoric region of the mcsenter}' they are very 
small, but as the gono|>horie region is approached they sud- 
denly increase in size, farming a strong projection, and then 
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just as suddenly diminish <igain, the projection being of slight 
extent. The parieto-basilar muscles are well developed and 
form conspicuous folds. Both external and internal mesen- 
terial stomata are presint ( 1*1. II, h^. 1). All the mesenteries 
with the exception uf thust- of IIk- lir.st cycle arc gono]>li(jric. 

The differences between I). Iknuudatm and D. dtlicaiula 
may be briefly ( lunnerated as follows; 

D. HermudciLsU, D, Ddicalula. 

Tentacles 0(5. Tentacles KM). 

Fronds digitiform, about 12 in Fronds tlilatcd at the ex- 
number, tremily, about 42 in number. 
MeaogloBal processes of s| ill ini - Mesogloeal processes of 
ter muscle rather delicate, sphincter stout, not anas- 
anastomosing slightly. tomosing. 
Ectodermal muscle processes of Ectodermal muscle processes 
disc wanting (?) of disc long and delicate. 

rHYMANTHID^. 
Fhymantlins ornoifer. ( Lc^.) AndrM. 

A single specimen of this species was obtained. T have 
nothing to add to the statements already made rcgariling it in 
my paper on the Bahama Actiniaria. 



Soaatlllt floa^mtiaat. ]>u«h. and Mteh. (PI. 11, llg». 3 and 4.) 

A large number of specimens of this sjtecies were obtained, 
and inclosed with them was a label stating that they were col- 
lected at Shelly Bay and Tucker's Town. 1 n general appearance 
thev resemble Z.Hociatm from the Baluiioas, the individuals as 
in that sjM'cics torniing stolon-like i)rolongations from wlni h 
now individuals luitl : their structure, however, shows thcni 
bcioiig to a (lifVcrent species. The colon s are. according to 
the accomj)anying label, 4 to 5 cm. in I tvadtli. The indi- 
vidnnl ]>olyps in the preserved condition measure 1-2 cm. in 
hciirlit, and in brcjidlli at the upper end O-.l eni. tlie hjwer 
portion and stolons measuring about 0.2' em. All are strongly 
contracted, a small depression being tlic only indication of 
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where tho entrance into the interior is situated. The oolur, 
according to the inclosed label, was ** spinach -gret^n," but this 
must bo taken as a|>]>lyiiig o-ily to the upjKT part of the 
column, the lower part and the stolons being brown or sand- 
colored. The disc was " a[>ple-groGn/' and the tentacles green. 

The column upon tho outside is covered hy a cuticle, in 
which arc sparingly imbedded foreign bodies. The ectoderm 
is separated from tlie cuticle by a layer of mesoglcea, and con- 
sists of cells arranged in gruupi separated by partitions of 
mt'soglfDu, but not showing tbe degeneration wliieh occurs in 
Z. sfH tatiis. Tht' niesoglu'a is comparatively tliiek, and eoUf<isl8 
of a homogeneous nmtrix containing (1) numerous anastomos- 
ing s|)aees more or lt*s tilled with n ils, and (2) granular cells 
whieh give rise to delicate processes which enter into eonnec* 
ti<»n with other grauiilar (■ell<, and with the spaces just laeu- 
tiiincd, and with the ectoderm and the t ndoderni. Some sug- 
gestions reganling the origin and t'linetiun of thci-e structures 
will be luund in conneeiion willi tiie description of M. lubt r- 
culiita which follows. The endoderm of llie column is low, 
and consists of ]n«»rt or less spherical cells, usually containing 
y.ooxauliielhe. A clelicate layer of nni^c le fibres arranged cir- 
cularly «>ceurs bclween the endoderm antl tlie mesoghea. 

At the upper part of the column a well-developed double 
sphincter inusclu occurs, ind)e<ldcd in tlie mesogloia. It is 
stronger than that foumi in Z, sockUmf and more nearly 
resembles tiiat desiiribed by Erdmann' and llcrtwig' in Z. 

The tenlaclcjs, according to the brief notes taken of the liv- 
ing 8pccimcns,arc '* sliort, oO-tM) in number, in three rows." My 
preparations, liowever, show tliat the lust sttitcment is erro- 
neous, the tentacles being arraii'j[ed in two cycles only. Their 
ectotlerm is not imbedded in the niesc^itca, nor is there a 
cuticle covering it. The ectodermal muscle processes of the 

> A. Krdmann. (Mer einifre neue Zoanihem, Jen. Zeii. XIX. 188>. 
* U. Htrtwit;. SMi>i>lrmfiit t<> report on the Acluitaria. Zoolocy of Ui^ Vovi^^e, 
of li. M h. Challenger, Vol. X.W l. 
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iiic-uglcea arc fairly dcvcloi < d, ami iiuDiediately Lclow tluni 
are lo be m n, iinbetldi<l in the mcf^oglceo, peuiliar ^^ranular 
pale yellow isli-grecii cells, the protoplflfm of which, with the 
ext-eption of the nucleus, does not atain with cai mine. Other- 
"w ise the niesoj^liia is homogeneous. The endodcrm is thick, 
and is riehly supplied with zooxa nth olio;. In structure tlie 
disc resembles tho tentacles, |X)6se8sing, like thetn, the |>cculiar 
yellowish-green granular cells. 

The niesogloea of the stomaloda^um is homogeneous. I can- 
not make any statements as to tho histology of the ectoderm of 
tins re<»ion, Jis it had imieerated into a lua^s of a charaelerislic 

ajij't arance whieli cannot easily 1r' descrilu'cl. Transverse sec- 
tions show that the q:oiii(lial |j;roove. to wliidi tlif nitu io or 
ventral direetivi s me attached, is very shallow, and indeeil can 
ha idly be said to v\hl. 

The mesenteries are arranged on the niierotyi»ns.* Their 
meso<;l(ea is for the most part very thin but tliiekens towar<ls 
the base where it contains a canal. (PI. 11, fig. 4, be.) A 
second canal, circular in section and packed with cells, occurs 
in the thin region, the mcsoglfea splitting to form its walls. 
The muscle layers are only slightly developed. 

A very peculiar arrangement occurs in connection with the 
mesenterial filaments of the porfc<'t mesenteries. Immediately 
below the stoniatodfrum the mesenterial filament is triradiate 
(PI. 11, tig. JJ), the central ray Ijeiiig short and stout, the loternl 
rays longer and rccurvrd. The epithelium covering the t en- 
tral ray and that face of the liiteral rays which l«.oks towaids 
it i( si'nibles in structure that of the ."^tomatoda-uni. 'I'lic outer 
sUT'lacc of the lateral rays is, however, covered with cells >iniilar 
io those which line Uie general surt'aeeof the niesentery. In a 
section wliieh passes through the stomaloda um a little al)ove 
its extremity, the intervals between the perfect mesenteries is 
occuj)ied by nnicerated tis-iie re.'^embling the eetoderm of tho 
stomatodttjuu). Apparently, it lines tho surfaces of the mcsen- 

* See Erdmann, ioe. Hi. 
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teries for a short distance outwards from their pciint of attach- 
ment to the !^tomatodfleuiii»aiid also the outer surface of the lat- 
ter for a sliort distance above iin inner opening. It looks as if 
the ectoderm of the stouiatodfeum were reHceted upwards, so as 
to cover its endodermal surface and tlie acyacent surfaces of 
tlie perfect mesenteries. Further dowD (PI. 11, fig. 4) the two 
lateral processes of the mesenterial filaments disappear, the cen- 
tral one alone persisting. It is evidently the glandular streak " 
of the filament. The cells which cover the surface of the mes- 
entery tor some distance outward from this towards the column- 
wall are very peculiar. (Fl. 11, fig. 4di.) They form a layer 
much tJiicker than that formedf by the ordinary endodermal 
colls, and are loaded with jjreen {granules, closely packed 
toj^ether so that tn the Daked eye the rejjion oceiipiefl by this 
layer is ot" llmL color. l'V)rei;;n bodies ot urgnnic imture are 
iinbedcbnl in the cells, sninctiines being surrounded hv a num- 
ber of t ells roiitaiuing no granules, or occasionally nnbedded 
in thr nu'>(>»;ltia. 

In uiistainrd specimens, when the animal is laid open by a 
lontritmlinal ineision, this resrion of tlie nK'scnteries is wry 
disUiiet on account of its rich «;reeu color. W'lien the h^ose 
cells of the green area are scraped away with a scalpel and 
examined, they are seen to be of a very irregular sha})e (sng- 
gesting a power of anueb<»i<l movement), and to eontain nu- 
merous green globules, much smaller than the zooxanthella\ 
darker in color, and homogeneous in structure. Amongst the 
cells arc numerous zooxanthella>, and there are also numerous 
spherical refractive bodies, apparently of a fatty nature and 
with H slightly -greenish tinge, as well as the foreign bodies 
already nientiouiHl as seen in the section, and very numerous 
delicate acicular silicious spicules. 

The occurrence of these spicules and organic foreign bodies 
in (he ch^IIh of this region is very strong evidence in ilEivor of 
the supposition that they have a digestive function. The 
green globules may be the products of digestion. If this be 
the case it is exceedingly interesting, as indicatinig a method of 
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digestion in tlie Zoantheie fiomewliat diifcnnt from what is 
usually described as occurring in the rest of the Actinia ria. 

None of the specimens examined possessed sexual organs. 
There were about 24-26 pairs of mesenteries in the specimens 
examined. 

I have identified this form witli Z. jlos-marinuxof Duehassain^ 
and Mic liclotti, with tlie inijM rfcct dcst ri ption of which it 
agrees fairly well. In many n spects it eoincs near /. sociains, 
hut differs markedly from it in otljiis: sucli for instance, as in 
the niilure of the ( (. Indrrni and in the form of the sphincter- 
muse le, so that it must be regarded as distinct. From the 
only Zoaiithus hitherto described from the Bermudus, Z. 
iJanir (?) of Hertwig' it is readily distinguished l»y the ab- 
sence of any distinct line of demarcation l>etwecn tlie upper 
and lower portions of the column. 

Jmurus tuhcrculatus — J. K. (irav. 1.^28. 
Zoanthya tnhrrmlatiis — Duchassaing and Miclidotti. l '>'>0. 
Afifhirilift /*(^#rn//«<a— Duchassjiing and Michelotti. IbOb. 
ZoaMui< (Mon(intfnii<) tubcrcvlatns — Andres. 1883. 
Antinedia Vueltasaaing-i — ^Andres. 1883. 

This form was first described by J. E. Gray/ from specimens 
in the British Museum whose locality was unknown. He 

adoptefl for the genus Havigny's nnnie Imurvs. In 1860, 
Duchassaing and Michelotti rediscovered it, and, though up- 
l);\rcntly unucepiaiiitcd with the earlier de.scrif»tion of CJray, 
applii'd to it the sanie sjK'cific name, but placed it in the genus 
Zfidnihtis^ oil account of the abstnicc of saudy incrustations on 
the column walls. In their second |utper these autliors. placing 
importance on the tuberculation of the colunni walls, cicrted 
for its reception the genus AnUnaUa. Andres, in his mu^t use- 
ful monograph, has assumed that the form described by Ctray 

> R. Ilcrtwig.' ~Stti>pieineiii lo rvpon on the Aciiniaria'of Ihe Challtt^er Ex|:e- 
dition. 1888. 

» J. E. Gray— "Spiciiegia Zoolo|;ica." Uwidon. 1828. 



Digiii^uLi L>y Google 



124 



TH£ BERMUDA ISLANDS. 



is (lifferoiit IVuui that \s liich Duclias.saing nnd Miclielotti ob- 
t lined at St. Tlioiiias and ( iuadeloupo, rolyinjr probably on 
tlie distTopaiicies between tlie j»o()r ti^iirus ^ivcn by the latter 
nutbors and ibc more corroct uiie vvhicb Gray bas given. lie 
C()n.sr(|ucntly retains tbo specific term tuhirrnlatii^ for Gray's 
funii, j^roposing for Ducliassaing and Miclic luili's tbe nuiiie 
i>uc}i(is^<ti iigl. Tiicre is little room for duulit, liuwever, tliat 
tbe two forms are ideiitical; my ob^scrvatiotis bave sbowii 
that the species is to be referred to tbe geuus ManimUliJcra its, 
delined by Krdmann. 

Tlie sj)e<;imens from tbe Bermudas were cither snliiury, 
altaelied to a piece cif rock l)y a base only very sligiiti}' ex- 
panded, or else were ^rmiped tot^rthrr in twos or threes, in 
wliicli ease tlicv were united by a sh;:;litly-d( Vcli>|it (l, thit nr 
slightly tubular ( ti-m neliynia. In none ba<l the oi iiciichviua 
any such tubular or stolon-like form as is shown in the tigure 
given by Ducbassaing and Micbelotti. Judging from tbe speci- 
mens I studied, tbe tendency to form a ctenenebyma is slight. 

Tbe polyps (Pi. 11, fig. 5) vary in height from 1.3-2.7 cm.; 
their diameter Iji iuLr about 0.7-0.9 cm. Tlie column is marked 
by six or eight distinct ainiular grooves, and by from twenty 
to twcnty*iivo iongitudinal ones. In tbe lower part of the 
column tbe ridg^ formed by these Innt^itutlinal grooves are 
entire^ but higlier u]) they begin to bo divided into series of 
tubercles, a row of tiiesc corresponding to each ridge. These 
tubercles increase in size towards the margin and several 
b( ( (>nie urouj>ed together uj)ou elevations of the column wall, 
giving rise to mull»erry-like protub( ranees. Ncjir tbe margin 
the tubercles suddenly cease, Airming, in contracted specimens, 
a strong ridge bounding tbe dome-sha|H.Kl area which forms in 
sucli specimens the summit This dome-shajied area belongs 
to the column, the animal being strongly contracted, and 
though without tubercles shows clearly the continuation up- 
wartls upon it of the longitudinal furrows, and is, accordingly, 
marked by a series of radiating ridges. 

In structure the tubercles of the column are solid, being 
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elevations of tlu' mesojijia'a. Tliis tissue throughout tlie 
cohiiiin is very thick, ineasuriti;; on the average 1 mm. in 
thickiios. It presents muiiLTons annstoinosing cannls lillotl 
with I'clls, as well as (ho dohcatc t-anals vviiieh liavc hecn dc- 
scrib('<i by Mnlinaiin an«l others, verv distinctly. TIipho canals 
are withnut donht processes from tlie large canals, and the 
structure of the /oanthan uiesogi«ca may be eoinpared to tiuit 
of a l>one, sueh as a frog's fenuir, tl»c anastomosing eanals 
being^compared to the ]acuna\ and tho delicate canals to the 
cnnaliculi. My preparations of M. tiiberculaia seem to show 
that tho lacunte arise from both the ectoderm and tlio endo- 
derm. In some of my sections deep bays can l>e seen running 
from the endoderm up into tho mcsogltBa, and from their ends 
and sides numerous canaliculi can be seen branching out. 
These bays are found in various stages of enclosure by the 
mesoglcca, the cells which they contain being in some cases 
cimtinuous with the general endoderm, in other cases almost 
separated from it, and finally quite so. So too with the ecto- 
derm. The lacunie which have just been formed in this man* 
ner are much larger than the majority of those scattered 
through the mesoghea, these frer|nently consisting of only a 
lew cells or even a .simple cell, and further, the nuwly l'urmi d 
lacuna' usually contain /ooxanthella , u liich are rare in the 
ohier ones. It would seem as it' many of the newlv-formed 
lacuna- become divided into smaller portions which separate 
from each other, exce]>t by the delicate cnnali(;uli, and at tlie 
same time nndcr<;o an altcndion in the histological structure 
of their cells, the /.oo.Nunthelia' disappearin<;. and the cells be- 
coming tilled witli refractive, deeply-staining granules. It 
seems not improbable Uiat these altered celb are concerned in 
the formation of the mesoglu'a, their granules being particles 
which will later on be added to the matrix of the mesoghea. 

Upon the outside of tho column is a thin cuticle (IM. 1 1, fig. 
6, cu) similar to what occurs in Z, sociatiis and Z. flo8-marinus. 
Andres* considers this to be merely a diiTcrentiation or hard>. 

* A, Andres. On a new genus and specie< »l Zoamhina M.ilACO<leriiiata 4 J*an 
<*rut s^giota, ftp^ n.)— Quart. Journ. Micron. Set. N. S. Vol xvii. 1687. 
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eiiing of the external layers of the mesogloea, but I cannot 
agree with this view. It is a clearly defined layer external to 
the mesoglcea, and appears quite different in composition and 
behavior to staining; fluids from that tissue. Below this cuticle 
comes a layer of meso(;I(ea for which Andreses term subcuticula 
may be employed. The distinction between the cuticle and 
this layer has been overlooked by most authors. It was rec- 
• ognized by Kolliker!, however, who believed it to be a portion 
of tlie cuticle. Andres recognized its true nature, considering 
it simply a continuation of the mesoglosa. 

Below the subcuticula is the ectoderm (PI. 11, fi*^. G, ei), 
which forms a layer 0'08 mm. in thickness. It is not contin- 
uous, Ijowever, but is divided into more or less cubical masses 
by columns of mesoghca extending from the general ninss of 
tljut tissue to llie subcuticula. A pcculiMr feature of the ecto- 
dertn of this species is the presence in ii of zooxanthella'. In 
adult iic tiuiaiis these structures art* usually confnu'd to tlif i ii- 
doderm, but I liavo ohsei ved them in the ectoderm in free- 
swimming larva', in wlii( li layer they also occn r atconling to 
H. V. Wilson' in the embryos of the coral Maulriua. It is |m»s- 
sililethat their prc-^t tice in the « * UKlmii (tf M. titfiernilaUi is due 
to the thick cuticle and subcuticula preventing a ruj>id aeraliiUi 
of the ectoderm cell-^, and so, l»v favoring; the accumulation to 
a C('rtain extent of carbon dioxide, prociucing favorable condi- 
tions for tb»> grou iii of the parasitic alga*. The ectoderm tims 
buried in the tnesoghea evidently correspomls with what 
Kolliker, in the admirable aeconiit he lias given of the zoan- 
than meso<^loa ,• l« rnis "eine zusamnienbangende Sehicld 
driisenartiger Korpcr " and which he believed to correspond to 
the ectoderm. 

Theendoderm consists nf low cells containing nnnieioas zoo- 
xanthella'. In the up|jer part of the colunni, extending from 

* II . v. Wilsim. C)!! the Development of Manidna areolala. Juiinial of Mor* 
phology. Vol. H. 18Wi. 

«A. Kdllikcr,/0r.rt/. 
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the margin to the upper row of tuliercles, is a single strong 
sphincter muscle inihinhlod iu the mesogluia, and occupying 
nearly its whole thickness. 

All the specimens were in a st4»te of strong contraction, and 
I was not able to see the tentacles. Duchassain^: and Michelotti 
»tate that they are small tubercles. My sections show that 
they are arranged id two cycles. It is also evident that they 
are short, but they can scarcely be termed tubercles. Their 
mesoglcca is thick, especially toward the base, thinning out 
somewhat towards the apex. Its outer surface is tlirown into 
rather strong muscular processes. 

The surface of the stomatoda inn is thrown into numerous 
rather high folds, the ectoderm being elevated on slender proc- 
esses of the mesoglcL'a. 

Tlie inr^ciitories are arrangcMl on the rnierotypus and num- 
ber twenty-Lwo pairs. Towards their ba.so the inesogheu is 
very thick, diminishing gradually towards the distal edge. 
Just at the base there is a sudden diminution of the thiekne^8, 
so that they are attached to the column wall by a thin pediele. 
The basal portion contains the usual canal, and in addition 
there are numerous lacuna*, similar t^ those of the column wall 
in every respect. M. inbereuhia is hermaphrodite, and I am 
able to add this particular to the definition of the genus given 
by Erdmanu.* I could not make out any regularity in the 
arrangement of the reproductive elements on the different 
mesenteries, nor did there seem to be any definiteness in their 
position in any one mesentery. Sometimes a mesentery would 
l>ossess ova only, but usually each one presented both ova and 
spermatozoa. 

Cortiolfera ocellaU i Klli>i. 

Alcyoiiium oe^Uattnii. Kliis and Holander, 17^0. 
Palifthoa oceUiita. Lamouroux, 1.S21. 

A number of small colonies of a Corticifera were obtained ut 
Shelly Bay, and were accompanied by a label referring them 

* A. Enlmann, iae, <it. 
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to the above species. The term aeeUata was first given by Ellis 
and Solander to a form which, however, was very poorly char- 
acterized, so much so that certainty of identification is impos- 
sible. The only statement in the description of which use may 
be made is tliut tlie polyps are rust-colored. Later authors 
siinf>ly coi)ied Ellis and Solandcr's description, until Dana,* ovi- 
ilcntly iilying on the Hi^ure which accoujpanies the earlior 
description, adds (he churai teristic that the polyps, though im- 
bedded in CMMicntliymii throughuut the jerreatest pui l uf their 
extent, are yet free ahove. Duchas^ainu. ami Miclielotti in 
their paper of lsr»0 described a form under this name which 
differs somewhat from the orifrinal type species, and is proba- 
bly to be consiikretl, ;is Andres ha« done, a distinct form. In 
(lieir later jia[>er they make lliis form identical with a f<irin 
lliey name l\ilijUioa muniinillom, a name taken from a second 
imperfectly characterized form mentioned by I'llisand Solander. 
In fact, so mueh confusion is introduced by Duchassaing and 
>ficlielotti as to render it very dillicult, if not impossible, to 
asccrt^iin wliat forms tiiey are really describing. 

Under tiie circumstances I have thought it well to retain 
the name which accompanied the specimens, and trust that 
the following description will sufhciently characterize them to 
allow of the identitication in the future. 

The polyps are grouped together in small masses, and pro- 
ject decidedly above the surface of the ccenenchyma. Their 
height measured from the lower surface of the cceneuchyma is 
1-2 cm., and their breadth, measured at the summit, about 0*7 
cm. in the fully grown individuals. The polyps and ccetieii- 
chyma are densely incrasted with particles of sand and other 
foreign bodies, and are of a grayish sandy color, sometimes 
deepening to a rust color. 

Upon the outside of the column is a rather thick cuticle, 
but I was not able to discover whether or not a layer of 
mcsoghca intervened between this and the ectodermal cells. 

* J. D. Dana.— Z<*oph>tes. United Slates Exploring Ex|«cdition. 2849. 
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The outer portion of the mesogh^a for about half its thicknofls 
has imbedded in it foreign bodies, and when decalcified is 
fenestrated by the numerous cavities previously occupied by 
them. The internal jxirtion of the layer presents the structural 
features found in other Zoanthidie, but it is to be noticed that 
foitigu bodies occur in the so-called "nutritive canals" or 
lacunie. The sphincter muscle is imbedded in llic mc.s()<;l«ert, 
is single, and consists of a single row of cavities conUuiiing 
muscle tibrt's. 

Tlic tentacles are arraiip:ed in two rows, and are a^jparentl}^ 
fifty-six in number in the specimens examined. Their outer 
muscular layer is weak, and the mesogbea is homogoneuus, ex- 
cept upon tin' outer face of the tentacles, win-re it contains a 
numbrr of granular cells similar to thu.se occurring in tiie 
(dlnmn mesogkea in this and other forms already described. 
Zouxanthelhe occur in the ectoderm. 

Tlie ectuderm of the disc is peculiar. It consists of high, 
much-vacuolated cells which contain, like the ectoderm of the 
tentacles, zooxanthellfe. T have found this peculiar structure 
of the disc ectoderm in no other Zoanthids. Unfortunately 
the [(reservation of the specimens was not sufficiently good to 
allow of the liistological details being studied. The gonidial 
groove of the stomatodaum is rather broadband tiie mesoghea 
lining is thickened and truncated upon the endodermal side, 
the macrodirectives being inserted into each angle of the 
truncation. 

The mesenteries are arranged on the microtypus, there 
being about tweut^'-six pairs. The bas^il c anal is large, and 
contains foreign particles similar to those found in the lacunse 
of the column. The mesoglcea is thickened towards the base 
of the mesenteries and contains, in addition to the basal canal, 
several others nearly circular in section and completely filled 
with spherical granular cells. The endoderm throughout con- 
tains zooxanthellie. No reproductive organs were present 

Oortieifara gUreoU, Le«. 

Cnrdrifera glareoh. Lesuettr. 1817. 
Paiyihoa gkumla. Milne-Edwards. 1857. 
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The identification of this form depends mainly on the 
coloration, which Professor Heilpriu informs me is sufficiently 
similar to LeaiRui 's (leseri})tion. 

The polyps form encinstiiip;' masses, and are so deeply im- 
bedded in the ccenenchyiu,;, that in contraetioii a sliglii de- 
pression alone indicates the j>()siti(»ii of llie various individuals, 
or in some cases a slight annular elevation. The speeies is by 
this peculiarity readily distinguisliable from C. ofdfofa, as 
well as from C. flnmof the Bahamas, which stands in an inter- 
mediate position as far as the projection of tlie j»olyps above 
tlie cienencliyma is concerned, 'ilie form describe*! from the 
Bermudas by Erdmann, and named C. lutca by 11 ert\vi*r, re- 
sembles ( glareola in this respect, but appeal's to ditter from it 
in (itber points. 

The mesogLea is, with tiie exception of a narrow band im- 
mediately a<lj()inin<; the endoderm of the polyps, richly sup- 
plied witli iml)edded foreij:;u bodies, S(i tliat the entire colony 
is very hard, almost stony in its eonsistency. C. (xrllatu is 
much less richly provided with foreign jiartieles, and the same 
is the case with Hert\vi<;"s C. hdca. Whether tins is a charac- 
teristic of sufficient inii>ortance for specihc distinction can 
only be ascertaineil by the examination of numerous speci- 
mens of some species, obtained from different localities and 
living under difl'erent conditions. In fact, our knowledge of 
Uie Iiistology of the Zoanthidu' is not yet sufficiently advanced 
to enable us to ascertain what features are of svstematic im- 

ft- 

portance and what are liable to extensive individual variation. 

The sj)hincter muscle resembles closely that of Hertwig's 
C. lutca. It is imbedded in the mesoghea and is single, con- 
sisting of a single row of cavities which are entirely confined 
to the portion of the column which is invaginated during con- 
traction. All the cavities contain muscle cells, and there are 
none of the empty Spaces with clearly defined walls such as o€> 
cur in Cfiava. 

The mesenteric: ai ( arranged on the microtypus, and in the 
specimens examined there were about eighteen pairs only. 
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The mesoglcBa is delicate, and is not dilated towaids the base 
as in C. oreflata, and in consetiuence, the basal canal is elon- 
gated. Notwithstanding that the specimens were very much 
macerated it was possible to perceive that a digestive area, 
similar to that described as occurring in Z» ftoMnarinuSf was 
present, just below the stomatodseum. No reproductive organs 
were present 

Tlie stomatodseum presented the pyriform, truncated shape 
which has been described for other members of the genus. 

It seems not improbable that the form (h'scribed by Hertwig 
as C. Ivica may be i«lentieal willi tiiis. Alcohohc speeimeiis of 
C. ghreola .show no trace ol" the coloration of tlie living forms, 
but are of a universal sandy color. In the very slight j)rom- 
iuence of the poly[)s above the c<enenchyma, in tlie structure 
of the sphincter muscle, and iu the slenderness of the mesen- 
• teries there is agreemeut between the two, and these are points 
which will probably prove to be of systematic importance. 
On the other hand, there is dissimilarity in the extent of the 
incrustation by foreign bodies, in the pigmentation of the 
endoderm, which is wanting in C. glareokty and apparently in 
the extent of the development of the longitudinal muscles of 
the mesenteries, which cannot be said^to be well developed in 
(7. f^amola. This last character is probably of importance, but 
the first two are probably subject to variation depending upon 
^he conditions of life and the food. 

The evidence then, seems to be in favor of the identity of the 
two forms, .in which case the name here used has the priority. 
It seems to me very doubtful, indeed, if Hertwig's identifica- 
tion of the Bermuda form with Quoy and Gaimard's C. Intra 
from the Feejee islands is correct. The only point of eoi respond- 
ence, judging from the description and figures given by C^uoy 
antl (iaimard,* is the slight prominence of the polyps above the 
ccenenchyma when in contraction. 
OMmtrtoBaiei, Duch. ur l Mich. (PI. 11, flg?. 7-9.) 

Gemmairia BuaeL Duchassaing and Michelotti. 1800. 

* Quoy and Gaioiard, Zoolo^ie Uu yej a^e <ie ia Corvette i A Uroiabe. i'aris. 18«i3. 
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I was pleased to find in the Bermuda eolltM liun .several 
specimen^ oi" a form wliich eviilently bi*loii|;s t(» tlif same genus 
as tlie i'iji'Ui Irciii tlic lialiaiiias w liiefi I <lescril><H] as (Jrmuinria 
isitlata. Several anatdntical iVMtures ai"e (•((iinni>n to the two. 
and I am now ahle to *rivf otln-r characteristics wliicli may 
serve to (listin^ruish the genus more detiuitcly thau was done 
iu my former paper. 

Tlie polyps of O. Iinsfi (PI. 11, fior. 7) are solitary, being 
attached to pebbles without the develojniient of any c«enen- 
ehyma. The specimens were obtained at North Roek, and are 
five in number. The upper portion of tlie column is larp:» r 
tlian the lower, so tiiat the {Hjlyps have the shape of a stiort 
stout dub ; the lower portion is transversely wrinkled even in 
the expanded condition, as is noted in the label acconi{>anying 
the specimens. The height of the column is about 2 5 cm. in 
the largest specimens; the diameter of the upper part is 0«».') 
cm. and of the lower 0*5 cm. The color is stated on the label 
to have been "cinereous throughout." 

The column wall is ratlier thin, and is occupied throughout 
nearly its entire thickness by foreign bodies. The ectoderm is 
covered externally by a cuticle^ but I was unable to ascertain 
whether a layer of wesoghea intervened between this and the 
surface of the ectoderm. The structure of the thin layer of 
mesoglcea unoccupied by foreign bodies is as in other Zoanthidie, 
and calls for no special comment. The sphincter is single, 
and imbedde<l in the mesoght^a ; it consists for the most part 
of a single layer of cavities, but thickens somewhat towards its 
upper end. All the ctivities contain muscle cells, there being 
none of the empty cavities described in G* uotata. 

The tentacles are arranged in two cycles, and have only a 
very weak ectodermal musculature, as is also the case in (?. iao- 
iota. Towards the base and upon the outer surface the mesoglcea 
contains peculiar granular cells, and occasionally enclosures 
of foreign bodies, and this likewise occurs in G, iioUUa, 

The disc is traversed by a number of ridges which radiate 
from the peristome to the margin, a ridge corresponding to 



Digitized by Google 



ZOOLOGY OF THE BERMUDAa 133 

each tentacle of the outer cycle. Tlie elevations are produced 
by thickenings of the mesnglcea (PL 11, tig. 9), and along each 
ridge the ectotlermal mnscle cells are more numerous and 
larger than elsewhere. Q. inolata presents .similar structures. 
Zooxanthella; occur in the ectoderm of the disCi and tentacles 
in both forms. The enclosures in the mesoglcea of the disc, 
which I thought might possibly be muscle colls in O.isokUaf are 
seen in Rvad to be comparable to the lacuna: of the column 
wall. 

The mesoglcea of the 8tomatoda>um in both species of Gemr 
maria has enclosures of granular cells (PI. 11, fig. 8), as a 
rule one such enclosure oi)[)08ite the insertion of each mesen- 
tery, especially in the upper part of the stonuitoda*um, the ar- 
rangement beino: lost in the lower part. Tlie gonidial groove 
has the same sluipc as that of G. iwlata. 

The mesenteries arc arranged in tijirty-onc pairs and are on 
the microtypus. Tlio lueso^lica thickens towards tlie base so 
that the }»asal canal is alimoi i ircidar and not elongated as in 
G. woUda. No refiroductive organs were })resent. 

The description given by Duchassainji and Michelotti of 
iiemninria Ruaei, with which I identity this form, is very im- 
perfect, but so far as it goes it applies to the Bermuda species. 
The form described by Gray* as Triga I'liHippinensis is very 
similar in external form and is in all probability a Gemmaria. 

Of the forms described above, no less than seven, viz: Obn- 
dylaci'ts pamjhr<i, Pliymanthus crueifer, Zoanlhus flos-iimrinus, 
MammiUi/era turterc^Uit Cotticijera ocdlata, C* glareoUi and 
Gemmaria Rum, are represented in the West Indian fauna, and 
of the other three, the genera Aipkma and PhyUadU also 
occur in the islands to the South, leaving only the genus 
Diplactis as a characteristic form of tlie Bermudas. No doubt 
a systematic search for actinians in the Bermudas would lead 
to the discovery of a greater number of West Indian forms, 
but the proportion of common forms given above is sufficient 

* J. E. Ciray. Notes on ZoMUhilw with Descriptions of some New Genera. Proc. 
Zool. Soc. IvOialoU- ltiU7. 
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to show that the actiniau fauna of the Bermudas has been de- 
rived from that of the West Indies. 

Explanation op Plates. 

basal canal. «?k^^ndoderm. 

c. =coluran wall. /r.=fronds. 

m.=circular muscles. m.=margin. 
n(.=cuticl©. /).---tentaculiform fronds. 

d. ^disc. ' 8^.— sphincter, 
di.— digestive region of mesen- 
terial filament. «p'.=:lower sphincter. 

J£<;.=Ek:toderm. /.^tentacle. 

Plate 10. 

1. Transverse section through the middle r^ion of the 
sphincter of Aiptana sp. (?) X 350. 

2. Longitudinal section through the upper half of the column 
wall of AipUma sp. (?) X 40. 

3. Transverse section through the outer edge of the longitu- 
diual mesenterial muscles of a specimen of Oond^adk pnttir 
flora from the Bermudas. X 42. 

4. Longitudinal section through the margin and adjacent 
parts of Dipladis Bentmdends, X 24. 

5. Longitudinal section through the margin and adjacent 
parts of Ouladu famculaJta, X 2L 

6. Transverse section through the longitudinal mesenterial 
muscles below the stomatod»um in DipUuHa BermvdendL 
X 40. 

Plate 11. 

1. Perfect mesentery of Dipladis Bermudemis. Natural size. 

2. Portion of transverse section of sphincter of Diplaclu 
Bermudenm. X 100. 

3. Transverse section of mesenterial lilament of Zoanikm 
jZos-YYKrnntfs just below the stomatodH?um. X 120. 

4. Transverse soction of perfec t mesentery of Zwjmihm flotf 
vwnm» slightly below the stomatodteum. X 50. 
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o. MainiiiiKih ni tiiO' ( il'ita. Natural .size. 
C Om -fuui t li of a |i(»rtu»ii of a longitudinal scctiou through 
the culunin wall of M. tuhcrmfnta. x 200. 

7. Gemnuiria Rusei. Natural size. 

8. Transverse section through the gonidial groove of Qen^ 
maria HuaeL X 65. 

9. Transverse flection through upper part of column of 
Gemmaria Hvsei. X 24. 

Hydroid-Coralb. 

Apparently both of the common West India species of mille- 
pore, Millejmra alcieomU and M.filijomm^ are found in the Ber- 
mudas ; at any rate, forms answering to these are found in our 

collections. I feel doubtful, however, if the two should not 

properly be clasj^ed as a single speeies, seeing how great is the 
iiitlividual vnriation, and how closely the speeies approxiniate 
one another. It is certainly not easy {jo separate them by the 
characters which have been generally indicated by systematists. 
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HOLOTHURIA. 

The animals of this order are in places exceedingly abun- 
dant ; indeed, excepting the corals, they may ho said to consti- 
tute the most distinctive feature of the fieiuna of the sand bot- 
toms. Where other forms are apparently entirely absent, the 
black masses of the great Stichopus stand out in prominent 
relief over the white bottom. Motionless, seemingly, during 
the greater part of their existence, these singular creatures 
present the appearance of big black blotches on the sand, of 
which they consume, whether for nourishment or otherwise, 
vast quantities. All the individuals that were opened had 
their digestive tracts completely filled with calcareous par- 
ticles. 

The following are the species of holothurians observed by 
us, only one of which, I believe, had hitherto been noted from 

the Bermudas: 

Holothori* FloriduM, Pourtolis. (HoloUmri* »tn, J'igtx.) PI. 12, &gt. 

7, 7a. 

I identify wilh tliis species five small individuals of an 
olive-grc«'n color wiiieh were obtained in Castle Harbor, 
and which in a t^t iicral way agree with the description of the 
species given i)y rourtal5s (l*roc. American Assoc., 1851, p. 12). 
Unfortunately, no figure accompanies the description, and that 
-part which pertains to the calcareous bodies embodied in the 
skin is too vague to permit of specific determination. Selenka 
(Zeilsciivift fill' n iisenacliafllichc ZooloffU^ xvii, p. 324, ISO?) has 
supplemented the original description with further details of 
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stractore and with illustrations of the spicules, which prac- 
tically leave no douht in my mind that the Bermudian forms, 
even tliough ditlV-ring somewhat from the type described by 

Pourtal^s, are really that species. I have examined thespieu- 
lar bodies of all the individunls, and find that tliey exiiibit 
considerable variation (PI. , titrs. (i, (mi, 7, 7a). This is especially 
noticeable in the form of the ftools. 1 really doubt if very 
mneh dependence can he placed upon the.se bodies as furnish- 
ing eharactens for specific distinction. I also Hnd a certain 
amount of variation in the number of tentacles. Thus, while 
four of the individuals have the normal number of tentacles, 
20, one has only 10, although in all other essentials of struct- 
ure it agrees with the remaining four. The dorsal surface is 
distinctly papillate. The elongated yellowish pedicels of the 
ventral surface are irregularly distributed, as stated by Sclenka, 
and I could not determine any strictly linear dispodtion such 
as is indicated by Pourtalte. 

The largest specimen measures about two and a half inches. 

Semper. Ludwig, and Lanij>ert (Die Seeunlzn}, Sempcr's 
Reisen im Archlj/d der Philipphjen, 1885, p. 8(5) idctitifv this 
species with the Jfolothuria atm of Jager (18;i'>), whose nuic-c is 
made to be practically coshm j>olitan — (extending Irom the 
Kadack Archipelago and the Sandwich Islands to Adelaide, 
Zanzibar, the Red Sea, and the West Indies — but on this i>oint 
I can offer no satisfactory evidence, never having had an op- 
portunity to examine authentic specimens of Jager's species. 

H»l»th«rU taptlVft, Lvdwig. (PI. IS, flgi. 4, 4a.) 

Two individuals, agreeing with the species described by 
Ludwig from the Harbados. 

Halothuria abbreviaU, n p. (Pi. 12, fifC"- ^. > 

Among the smaller forms of holothuHans is one which in 
many of its characters agrees most closely with Ludwig's H, 
eapHva, but yet differs to such an extent as to compel me to rec- 
ognize it as a distinct species. Indeed, by many systcmatists 
it would probably be made the type of a distinct sub-genus or 
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genus. The distinguishing })eculiarity is the abrupt truncation 
of the body, which carries the vent on the dorsal surCM^e, im^ 
mediately about the extremital border. In tbe single specimen 
before me I could determine only 17 tentacles, with as many 
tentacular vesicles, and but a single Polian body. A large 
Cuvierian bundle is present. The pedicels are arranged ven- 
tral ly in three more or less distinct rows. Color olive green* 
Length about two inches. 

The stools, buttons, and fenestrated plates of the pedicels are 
figured on plate 12. It will be seen that in general they bear 
a close resemblance to those of Hohlhiria eapHva, but the 
rounded summits of. the stools serve readily to distinguish 
them from the somewhat similar, but more strictly castellated, 
bodies of the other species. 

IBHPBRU. 

ItapMdA BtrandMMii, n. ip. (PI. 13, llga. U, 8.) 

Body cylindrical, sj)indle-sha|)ed, tapering almost equally to 
both extremities. Tentacles 10, of which four are shorter than 
the renuiining 0 ; pedicels crowded, arranged in five broad 
rows, and scjilleicd over the interanibulacral area.s; two genital 
ljundU's, with very numerous non-divided, and greatly elon- 
gated lllainents ; two Poliun vesicles; two long respiratory 
trees. Color grayish white, minutely speckled with brown; 
five narrow longitudinal brown bands separating the ambulac- 
ral areas. Length about oh inches. 

Caleareuua botlies eonsisting of haskets. knotted and smooth 
buttons, and perforated mure or less eireular disks; pedicels 
with fenestrated plates. Calcareous ring with long hack proc- 
esses tor the attaehmcnl of the powerful retractor mu.scle.*;. 

One specimen, from the north shore about a half-mile west 
of Flatts Villagt . 

T first mistook this species for the Sejnjttria iColodiints) yem- 
mala of PourtaliV (Proe. Anier. Assoc. IS.'I, p. 11), descrilnv] 
from Sullivan's i>land, coast ol" South Carolina, but the more 
exaet dcscii ptioiis and figures of that species givi-n by St'lenka 
and. Lumpert convince me that it is quite distinct, iioth 
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species are of a grayish-white color, but no mention is made by 
either of the authors above quoted of the existence in the Car- 
olinian form of tlie five longitudinal brown bands which extend 
over the entire li nirth of tlie Ik'rniudian species. Apart from 
this, Se)nperia Ik-nuudiiiniH ditlers in tlie dijjposilioii <>f" tlic ten- 
tiicle.s, the greater number of roliaii vesicles, and the cliaracter 
of the spicniar huitoii.s, vvliich are in the ^^reater number uf. 
instances strongly knotted. Tlie j>osterior |>roc('.sses of the 
calcareous ring appear also to be much more elongated. 

From SetnjH'ria {Cuvumaria) punctat/o, described by Ludwig 
from the Bar)>ados (Arbeiten ctU8 dem zoolog. zifotom. InMUutam 
Wiirzhurgt ii, 1S75, p. S2) the Species differs, apart from the gen- 
eral scheme of coloring — tentacles as well as body — in the 
different disposition of the tentacles (9 equal in S.pvmdaia, ac- 
cording to Ludwig), the smaller number of Folia n vesicles (5 in & 
punctata), and in the much greater number of filaments com- 
posing the genital bundles. The vent does not appear to have 
been riiyed. 

Ludwig states that there are in his species no calcareous 

teeth about the anal aperture, whereas Lampert just as posi- 
tively asserts that they are present (Semper, Philipjnmit, 1(S.S.*"», 
p. lo2). ^sone such were detecte<l in the Bermudian form. 

STICHOPUS. 
Stlolwpu dUboU, n. vp. (PI. IS, llgi. 1, la. Hi, 2.) 

Body stout, more or lesa quadrangular, flattened ventrally, 
and bearing two rows of prominent marginal wart-like, tuber- 
cles; sometimes two additional rows of minor tubercles are 
noticeable on the lateral margins of the dorsum. Tentaeles 20, 
une<(ual. Dorsal papilhe scattered, not prominent, leaving the 
surface nearly smooth. Trdieels and papilke on ventral sur- 
face arranged in three broad bands, which arc mcireor less dis- 
tinct tor tlie entire h*ngth of tlic IhmIv, but inosi distinct near 
tlie extremities; numerous in each transverse row. 

The l>ody-cavity is largely occupied by the greatly developed, 
and finely dissected, respiratory apparatus, and by the loops of 
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the variously branched genital organs, which are disposed in 
two great bundles. Tentacular vesicles present. Two Poliun 
vesicles. CSalcareons ring with long back processes. 

Calcareous bodies in tlie form of stools very numerous (PI. 
tig. U)). ('-sliajxd hodies very scanty, and possibly in 
some eases entirely wanting. 

Color hliick, somt what more iiitens<'lv so on tin- dorsal sur- 
face, beconiiiig X'andyke brown or cliocolate in alcoliol. 

I.ciigtb, about one foot; width of corresponding animal 
about three inches. 

Abundant over the sandy floor of the entrance to Harring- 
ton Sound, oppr)sitc Flatts Village, in Harrington Sound, and 
in Castle Harbor, whence it was obtained in several of our 
dredgings. 

I ha%'e little doubt that this species is the dark-brown form 
which is referred to by Th^l as having been obtained by the 
officers of the Challenger at the Bermudas, and which is 
doubtfully referred by that authority to Semper*s Stiehopus 
HaytiemU (Report on the Holothuroidea, Challenger Reports, 
Zoology, XIV, p. 162). Only a single specimen appears to have 
been obtained, which when examined was too deformed to 
permit of positive specific determination. I cannot agree 
with Thai's determination. Apart from the differences which 
Th6el himself points out, is the great difference in coloring. 
Semper (ReiwUf Philippinenf Holoihurient 1868, p. 75) states 
that his species is dark chocolate-brown, blotched with yellow 
spots, which form five longitudinal bands, corre.'^ponding to 
the intermdii. No such coloration is visible in our species, 
althougl) probably we observed as many as a hundred in- 
dividuals, all of which were uniformly black. Seniper's de- 
scription of the coloring of SUchopua Haytientns is rc-stated by 
Lara pert. 

Stiohopus xanthomeU, n. f>\>. (PI. 12, lig. 1 : IM. 1.1, tig. 3.) 

Body «tout, flattened ventrally, and bearing on the ba.sal 
margin two rows ^one row on each side, as in the preceding 
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species) of prominent wart-like processes. Tentacles I S, un- 
equal, whitish or gray, etlged with brown. DniKal papilhe 
fairly promiueni, scatterefl. Pedicels on ventral surface 
crowded, arranged in three longitudinal series, tive to eiglit, or 
more, in each transverse row. 

Body-cavity, as in the preceding, largely occupied by the 
respiratory tree and the double genital bundle, the filamental 
processes of the latter much finer than in 8. diaboU. Tentacu- 
lar vesicles present One (?) Polian vesicle. 

Calcareous bodies, in the form of stools (PL 13, fig. 3), very 
numerous C-shaped bodies scarce, in the form of broadly- 
opened calipers. Ground-color reddish-yellow, irregularly 
blotched with black or very dark brown. The spots on the 
ventral surface more or less coalescent in the median line, 
forming there a broad longitudinal band, or entirely united to 
form a unifurnily dark-colored ba:;e ; on the hack, united into 
two irreguhirly laaiilying or wandering bands. 

I^ngtli of longest specimen about ten inches; width about 
two and a-half or three inches. 

Tlje same habitat as that of the preceding species, although 
api>an'ntly nmch less abundant. 

I strongly suspect that this is the turni which Th^el, in his 
report on the Challenger holothnrians (loc. cit., p. 1')!)), identi- 
ties with Stichopus Mohii (iSemper), one specimen of which, 
"rather deformed and compressed" when examined by Th^el, 
was obtained at the Bcrnnidas. I assume the identity in this 
case, as well as in that of the preceding species, on the ground 
that the two species here described are the characteristic forms 
of the archipelago, and it is barely possible that they could 
have escaped the attention of the Challenger people. But the 
identification with Semper's species appears to be erro- 
neous. The resemblance to 8lichopm Jfd6ti appears to rest 
talmos wholl} >n the form of the spicules, which are largely 
similar in many very distinct forms of SdclMput^ and in a 
general scheme of coloring. But Semper distinctly states 
{Holotiiurienf loc. cit.j p. 240) that the characteristic spots are 
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almost wholly wanting on the ventral surface, and no mention 
is made of ^heir occurrence there by Lamport in his revision 
of the species of the genus (op. cit., p. 108). Moreover, Sein|»er 
» affirms that the bodv is devoid of wart-like tubercles, wherejis 
such are cpiite promiuent in the Bermudiaii tnriii, althoufjli 
not as prominent as in Slchnpm dinboli. Theel, liowever, 
makes no mention of the occurrence of tubercles in liis single 
specimen, but pro)>ably through contraction in alcohol their 
existence Iiad been effaced. The number of pedicels in each 
transverse row seems also to be much more numerous in the 
Bennudian species than in iSlkliopu.s Mnini. 

Another apparently related form is Stichopm cnam of 
Ludwig {Arhciten zoolog. znotom. Just., Wurzfmrfj, IST'), p. 1>7), 
described from a specimen in the Hatnburg Museum, reputed 
. to have come from the Barbados. But in this species there 
api)ear likewise to be no lateral tubercles, nor is the coloring 
like that of our species, although in this reg;ird there may lie 
considerable variation. The number of tentacles is stated by 
Ludwig to be 19, and their color yellow. The form from the 
Bjirbados which is somewhat doubtfully rcferre«l by Thtel {lac. 
cif., p. 191) to Lud wig's S. ^rrans would seem to be more nearly 
related to the Bermudian species. 

ASTEKOIDEA. 

We obtained but a single species of star-fish on the Ber- 
mudian coast. This is the Aderim Atlanticn of \''errill, a form 
which bad already been previously noted from the Bermudas 
(Trans. Conn. Acad. Sciences, i, p. 3GS), and whose range 
extends to the Abiiolhos £eef, Brazil. With very few excep- 
tions the rays were either six or eiglit in number, and of the 
total number of individuals examined I believe that not over 
two had five arms. The species exhibits a marked want of 
constancy in ornamentation and coloring, the dorsal spines 
being in some eases acute, while in others they are terminated 
by a minute bead ; again, while the maculation is brown in 
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some individuals, in others it is blue, or of both colors combined. 

AttoilM AttamttSftt Yerrill. 

Common in the entrance to Harrington Sound, opposite 
Flatts Village— under stones ; dredged in Harrington Sound. 

lanclUA Gaildingii, Gray. 

' A single specimen, marked as Imving been collected by Mr. 
Janney in the Bermudas, is in the poMession of the Academy 
of Natural Sciences. 

OPHIUROIDEA. 

8ix species of ophinrians were obtained in our drcdgings 
and under rock shelters, the greater number of whicli, ho far as 
I am aware, bad not hitherto been reported from the Bermudas. 
For a critical examination and review of the species I am in- 
debted mainly to my assistant, Mr. J. £. Ives, who has made a 
careful study of all the species in the collections of the Academy 
of Natural Sciences. From an examination of many of these 
Ibrms I feel satisfied that too much dependence should not be 
placed upon the constancy in minute details of either the form 
or relative sixe of the arm plates and their appendages, nor 
upon an exact scheme of coloration. These characters, and 
others that may be added, whicli have been drawn in very 
close limits l)y Mr. I.yrnan in Ins several nicmoii-s, vary nni- 
tcrially williii) the limits ofthe saiiio individual, and i-ender the 
discrimination of species which have been most "elahoralely " 
detined as to exact lengthsaiid breadths <>t the arm-sliiclds and 
oval plates, tlie precise form and iiiniiber of the arm-spines, 
etc., a matter of almost hopeless impossibility. 
OphloMoui tnMltplM, Say. 

One specimen, taken at low water from the Korth Rock» 
which agrees perfectly with the species described by Say from 
the coast of Florida (Joum. Acad. Nat. Sci., Phila. v, p. 147). 
This species is generally considered to be identical with the 
Ophiocmna {Ophiura) echinata of Lamarck, but I am disjiosed 
to consider this identification erroneous, unless, indeed, several 
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distinct forms, as has been averred by Miiller and Troschel 
{Syikm der Aderident 1842, p. 98), were included by Lamarelt 
in his species. Two distinct forms, closely related to each 
other, certainly do' occur in the West Indies, one of which, with 
more blunt arm spines, is clearly Say s species, while the other, 
with more elongated arm spines, and much less stoutly devel- 
oped uppermost spine, more nearly corresponds to the general 
type of Lamarck's species. 

Ophioooma pnmila, LUtken. 

A fragmf'iitaiy specimen; «.\iHt locality uiiknowii. This 
species had been recorded by the Challenger from Bermuda. 

Two very young specimens, dredged in Harrington Sound. 

OphiMtli MtUtri, Ltttkmi. 

O, Krehsii, Lutkcti f 

Two very youn^ sj>ccimens, dredged on the north shore be- 
tween Bailey's Bay and JSiielly Bay. 
Oyhioa»r»it rtUsnUto, Ltttkcn. 

Very abundant at low tide in the rock shelters of Shelly Bay ; 
also under stones at the entrance to Harrington Sound. 

Ophiomysft tmMiim, Ltttkra. 

One specimen, dredged in Bailey's Bay. 

ECHINOIDEA. 

The number of species of echinoids observed by us is six, of 
which five had already previously been ascribed to the archi- 
pelago; Oidaris tribuUddet, so far as I am aware, had not 
hitherto been collected — ^at any rate, I have been unable to 
find any mention of its occurrence there. One species, MtUita 
sejjom, we did not ourselves collect, the specimens in our pos- 
seftftion having been kindly donated to us by local collectors. 

Cidarit tnbaIoid«s, Bl. 

Fairly almndant among the coral slielters of the Nortli 
Rock. 
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Tliis species, one of the gems among sea-urchins, is exceed- 
ingly abundant in the flats about the North Rock. All the 
individuals occupied recesses in the coral growth, which they 
hnd by some means probably managed to keep open. It seems 
hardly likely that they should have crept into these shelters 
alter they had been already formed, and that the association 
is one of mere selection. 

The species is also abundant in the moderately deep water 
that lies within the reef border. 

HippoBOl eteulenta, Le«ke. 

North l{o( k, and the deeper water wiiiun tlie growing reef. 
XehiaoBMtrA •ttbangnlarii, Lv«ke. 

Several specimens from the flats about tlie North Hock. 
There is a certain amount of variation in the coloration of the 
spines which ranges from olive or sea-green to purple. 

We found this species very abundant in Harrington 
Sound, where it rarely escaped being hauled up in our dredge. 
It seems to frequent the calcareous bottom to a de[)th of 10-12 
fatboni.s, or even more. Probably the species is equally abun- 
dant elsewhere. 

]f«Uita aexforii. A)i:ii.«''iz. 

As before remarked, we did not ourselves obtain any speci- 
mens of this species. It is said to be al)uiidant along the cal' 
careous lK>ttoras of some of the inlets, as, for example, opposite 
Flatta Village. 
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CRUSTACEA. 

For the followiiifj; imlcs oji Iho Crustacea I am princijiftlly 
indebted to Mr. W'itmer Stone, one of my assistants on tlie 
trip, who luismadea careful study of all llu specimens, as well 
as of lliu allied and identical species eoniaiiad iu the collections 
of the A< ;i(lt ii)y of Natural Scienc(\s. In the case of in any 
way ilduliU'iil Innus I liavc per^nnally >ali>lifd myself as to 
till' dctermiiuii i<«ii<. partitailaily in eases where the ueo- 
grajihiial ranue appeaiv<l to indicate possible or prolialtle 
error. Tin ix i ui rmee in the Heniiii<las of a numln r of what 
had hitlieilo Ikc u consiiU'rid l<» 1m ili>t iiictively Tacihc or ()M 
World typfs, a^ tor t-.\an)pK', J'altiiKui' Ha f> tuiipes {SofAoo 8ea), 
J'nhiiinii (l*acitic). I'rniius f>fiiliiius (Pacific) — may be 

eousiiltre<l j>ositive, even tliouf;h it 1m opposed to the cominoii 
facts of /,oop'o«;raph V. l»ui tliis anomaly in distribuuon i.^ 
apiin rcpca)«'d anion^^ I lie Mollusca, as will be seen iu the 
cnuniorat it'll tifsjHH-ifs fuiiher on. 

Tin total number of <p<M'i('s liere enumerate*! is not very 
larp\ but yet it j< <-Mii.-ii icrably in «>x('rss of the number 
p!ibli>lM il in any previous paj.er, |ir(»bably one-lialf of the 
sprcii> bcini,' now for the first timt < ii .Hted to the Bermudas. 
TIh' spt < it - (tl M)mr of the n'mauiin«; groups — the IsojHxia, 
Amphipoda — still await analysis and detenu i nation. 

BKACinrRA. 

Vieroplurjt Mooniiitaa, Lntr. 
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Tliroe females and one male, collected on the beach at the 
entrance to Ilarnn^loii Sound. 

Two males and one small female, which a^roe in every way 
with iiie description of the species given by Kingsley (Proc. 
fiost. See Nat. Hist, 20, p. 147), except m the number of teeth 
on the fingers, a character which appears to be very variable. 
The three individuals difler in this respect among themselves. 

One male dred^a^d oil" Sliclly I'ay. The individual dill't is 
troin the description f^iven by Milne-Edwards ( Now. Arch, da 
M'is. (V I fist. yat. i, p. 271, ]d. xviii, fi«i. 'J) in lia\iiii; the color 
of the outside of the hands red, instead of black. It however 
agrees precisely with specimens attributed to Mihie-Edwanls* 
sprcies in the collectioDs of the Ara<lemy, and labeled as com- 
iug from the Florida reefs. The species has also been recorded 
from Cuba 

NunuiuUH small specimens, h(»th male and f( male, from un- 
der stoncft on the beach of St. (icorpe's Causeway, arid at the 
niuuth of Harriu<;tnii Soun#l. '1 lie :ipeeimens \ary greatly in 
color, soiiu' Ix'ini; very li<i;lit. otiiers dark brown, w hile a few are 
reddish ; otherwise tht y are identical in structure. 

T\ic species, described in the Iflsf. Xaf. fhi Mt.ntjiu- </ ihs 
AntUhx {CrHxiar., j). Hi, pi. 1, hg. 7), had previoUiily been recorded 
from the Bermudas. 
IioWpiliUBBii AgMflili,1)tin]woii. 

One small male, agret ing well with Stimpson*s description 
(Bull. Mus. Coihp. Zool., ii, p. 142) except in that it lacks the 
subhepjitic spine. Recorded from Bermuda and Florida. 

Beptunus hasUtat, L. 

N. dieanthits. 
Two small males. 
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Numerous large specimeus, from the banks and fields near 
tlie soulli ^^liure. Wr luiiiid them specially al>un«l;uit near iUe 
loenlity known as Rpaiii.sli Mark or tlic ( 'licfincr I>()ar(l, ami 
again not lar lioni I'eniston Puud. Tlie burrows in placc.> ex- 
tend diagonally llirec or four feet, or even more, beneath the 
surface, and tln' animals, rapidly retreating into these, are fre- 
qnently diflicnit to capture. 

This doubtless, the species that is referred to by \\'illenK)r>s- 
Suhm in the Challengt i- nai rativr as Grcarclnus lateralis, and 
is apparently tlie G. IfK/ostmua (?) described by Miers in the 
systematic portion of the Challenger Im ports (Zoology. XVII^ 
p. 21S), in so far as this description applies to the single Ber- 
muda specimen. 

XavtUogrtymu minatUt L. 

One small specimen drcdgcnl off Shelly Bay. 

( )ne lai tre female, and numerous empty sliells from Harris's 

liay. south slioro. 

Faohy^apiiu transTertni, Gibbet^. 

Numerous specimens, including ovigerou.s females; very 
abundant on tlx rocks about the mouth of Harrington Sound, 
and also on the Pip on Rocks, liailey's Hay. 

Recorded from Florida, West Indies, Australia. 
Oyelofrapmui lategtr, Mtlot-Edwurda. 

One small female. Species recorded from Brazil and Florida. 
Oonioptii oruentatni. L»tr. 

One female, from the mangrove SWamp of Hungary Bay, 
south shore. Althou<*h the species was very abundant at this 
locality we only succeeded in catching a single indiWdual. 
The mangrove crab, or ''mangrove climber," as the animal is 
sometimes eiilled, burrows among the thickets of mangrove 
stems and roots, up which it not infrequently climbs to a height 
of several feet. The great similarity existing between its color- 
ing and that of the bright and partially withered leaves of the 
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mangrove, e??}ieciu]ly in llie shades of yellow ainl rod. renders 
the animal difticiilt of tK-tcL'tion, and often at a diMance of only 
n few i'iH'i, l)Ui"ied uinon^ tlie fallen leavesj, these a;;ile creatures 
escaped observation, even when attentively sought after. We 
have liere one of tlie most remarkable instances of protective 
coloring, or semi-mimicry, with whicli 1 am acquainted. 

Numerous specimens, from the beach of Flatts Village. 
.The species was seen almost everywhere scam2)ering over the 
rocks. 

Calappa fiamzaea, Hcrheit. 

A single male individual obtained through purchase. Spe- 
cies previously recorded from the Bermudas, 

ANOMUKA. 

y«trolitthM anMta, Oibbci. 

Five specimens, oijlameil on the l)eaeh of Flatts Village, 
which appear to be identical with the form described under 
this name from Florida (l*roc. Amer. Assoc., 1850, p. IDU). 
C«Bobita IHagtiMS, Latr. 

A number of living specimens obtained at Wistowe, opposite 
Flatts Village, and kindly presented to us by Miss Edith 
Allen, daughter of the American Consul. Most of the animals 
are still living (July), and apparently flourishing, twelve 
months after their capture. Tho shells occupied by the 
largest individuals are those of Naiica catenoides, 

CaloiDUB obsourus, i^timpHon. 

Several specimens obtained on the beach of Flatts Village. 

Numerous on the beach of Flatts Village and at the St. 
George's Causeway ; under st4>nes, etc. 

AlACUUKA. 
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We observed a number of specimens of the large Bermuda 
crayfish, but unfortunately obtained none. I am unable, 
therefore, to state positively if tlie species is correctly referred, 
but in all probability it is the sumo as the common West 
Indian form. 

BoylUrni loalptui, Milnc-Edwunlp. 

One spcciim ii, i)iii( Ii;isr(l at the Crawl, wliich aj;ree.s with 
Milne- K^iwarils" (kscription {Hid. Nat. des Crud., ii, p. 2.So) antl 
Laiiiiitck's illustratiun in the Enajclopedie, pi. 320. Tlio 
locality of the original specimen ap})ears to have been un- 
known, nor have I been a1»le to o])tain data n yarding lliis 
sj)ecies from any of the later writers, by many of whom it is 
entirely ignored. » 

Alpheaa avaras, Fubr. 

A. Edward.'<ii, Audouin. 

A, B&rmudcimtt Spence Bate. ' 

A series of some twenty specimens collected at the same 
locality shows considerable variety of form. Tlie smaller 
specimens are evidently the A, Bermudensia of the Challenger 
Keiwrts, while the larger ones, agreeing with these in tlie 
structure of the head, etc., more nearly approximate in the 
configuration of the hand A, avana and A. Edwardm^ the 
former a common Old World species, and the latter, a species 
described from the Cape Verde Islands. Our series contains 
what might be considered undoubted representatives of all 
three (so-called) si^ecies, showing all the gradations that unite, 
or separate the forms from one another. Hence, I am con- 
strained to look upon them as mere varietal forms of a single 
species, the Alpheu» avarm of Fabricius. The older the speci- 
mens, the more deeply grooved is in most cases the hand. 

A uumljcr of species taken from sponges and timitatis 
collected in Harrington Sound. All tlio individuals were of 
snuill j^ize, measuring ratiur ilian an inch in length, 
although the leniaks were abundantly provided with eggs. 
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One specimen (dredged) wliicli ngrees with (iibbr.s' de- 
serijttiun (Phk'. Amer. Assoc.. 1S")(). p. V.U\), ami <t t ms to indi- 
cate that I lie .species i.s ilistiiit l iVoni Aljiln us ininiis, witli wliich 
it ih uiiiicd by Kintrslcy. Tlie .spccitiim i- hir^cr than any of 
thi' in<liviiluals of A. minus, and is also dillcreiiUy colored, 
ultliough uppuuiing ideiilical in alcohol. 

S'n'enil sjx ciniens dred;;ed oW Slielly Hay, wljich agree per- 
lectly with the species descril)ed by iMna from tlie Sooloo tJeil 
(U, 8. Exploring Expedition, Crustacea, p. r)S2). Tlie remark^ 
able distribution here indicated in(hiccd mc to make a very 
can fill exainiimtion of the Berinudian species, which has left 
no doubt in niy mind as to the i<lentity of the forms from the 
antipodal regions of the earth's surface. The only other 
known species of Palwmonella, P. orientaHs (Dana), is likewise 
an inhabitant of the Sooloo Sea (Dana, ojk dL ; Spence Bate, 
Challenger Reports, Zoology, XXIV, p. 786). 

FahBmoa affiau, Miloe-EU wards. 

Numerous specimens from shallow water, Castle Harbor. 
All are exactly like one another except in the number of teeth 
on the l>cak, which may bo 8 above and 4 below, or in rela- 
tions of 8-3, 7-3, l^-^>, and CM. This character is manifestly 
a very variable one, and, therefore, of little or no value from 
a classificatorv ]»oint of view. The speciuifus .iLrree well witli 
the descriptions and ligures of .1. (ijiiiils, aUliough tlmi 
.species has hitherto been recoidcd, as far ;is I ntu aware, niily 
from the Pacific (obtained by Dana off New Zealand). The 
.sj»ecies is near to the Eurafrican /*. sfjnl/la, but yet suf!ici(Mit1y 
distinct to permit of ready n cognition as only an allied form. 

It is remarkable, in view of the distribution and the num- 
ber of .specimens that we obtained of this species, and the 
position of the island group, that we should have failed to ob- 
tain any individuals of the common form of the eastern 
United States, Palsemon vidgaris. Whetlier the species is 
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entirely absent or not 1 cannot of course say, but it is surpri^* 
ing that it should not have been observed by us. , 

One specimen, which agrees with the figure and description 
of the species obtained by Dana off the Sandwich Islands (U. 
8. Exploring Expedition, Crustacea, p. and which was 
subsequently collected by the Challenger party at various 
points in the Pacific, and between Australia and New Guinea 
(Challenger Reports, 2!oo]ogy, XXIV, p. 253). This species, as 
well as all the immediately related forms, has, as far as I 
know, been found thus far only in the Pacific. The case is, 
therefore, another example of remarkable geographical distri- 
bution. 

STOfifATOPODA. 

flMadMtjlat «kinigni. Lair. 

One specimen from the beach of FhilU \'iUage. 

OBaRTATIOHS Oil IHSUISSCT8 Of tSE BIBinmAl. 

BY 

P. R. UHLER. 

The present list of insects enumerates chiefly those brought 
together by the recent exploration of Prof Heilprin, and it 
does not include the specimens belonging to the orders 
Coleoptera, Lepidoptera, and Hymenoptera. Although con- 
stituting only a small collection, it is of much interest as 
throwing new light upon a recently constituted fauna which, 
has been only superficially noticed. But very few insects have 
hitherto been recorded from this group of coral islands, and 
much arduous collecting is still needed to gather a full series 
• of the insects settled there. Representatives of large groups in 
nearly all the orders have not yet been reported as occurring 
on these islands, althou^'li we know that the conditions are 
favorable for the settlement and increase of many of them. 
As a notable instance wc may cite the absence of such faujilies 



Digitized by Google 



ZOOLOGY. ARTHROPODA. 



153 



as HifdrobaHda€f NotoneeHdae and Corimdae, in the aquatic 
Hemiptera; and of the Kphemmdaewoioug Ihc.Paeiidoneuroptera. 
White ants and Psocidae likewise remain unrecorded ; and the 
I)i|»t( ra, A numerous host, seem to have been almost totally 
ignored. That part of the assemblfl^je to wliich attention has 
been liilherto direeted is almost ciitiivly Nearctic in character, 
and I'orrospoiids with tlio fauna wJiitli exists in tlie eastern 
j art of ll)c I'liited Stales from ( ape Cod to nortlieni Florida. 
A very few species, such as Blahtru Aimricaun and LabidHra 
rlparia. occur in the Bermudas, but they are uanderers which 
fretjucnt vessels, and arc liai)le to bo transported to places 
where tliey make no permanent stay. There arc, however, 
nnihitudes of Neotropical forms, residents of the West In<lies 
and southern I-dorida, wliich we look for in eonnectiun with 
tlic jiahncttos and tropical fryit ti'ees and slirults tliat are now 
permanently settle<l in those ishuuls ; hut tiiesc forms are still 
lackin;; in our eolleetinns. Can it l>e that these insect absentees 
are oidy sn< h as live in the upper parts of the liigh trees, and 
that do not descend durin<r the daylif^ht sons to he noticed hy 
colI( ctors? Mr. J, M. Junes, in his *• Naturalist in Hermuda," 
lias given some account of a few insc<-ts helongin*^ to this lo- 
cality, but his attention scrnis to liave l)een directed almost 
exclusively to the showy or more conspicuous kinds. It is 
therefore with earnest .solicitud<^ that we await the time when 
some acute collector will undertake to solve the jtroblem of 
insect settlement which lies deeply buried in the iiistory of 
this little group of islands. 

HEMIPTERA. 

Fugsu bUiiiMtiia, »»y. 

A fore-lejj^ only of this cuHous black burrowing Cydnid was 
present in the bottle of s|)ecimcns. It agrees with the same or- 
gan of some individuals in my own collection ; and I had 
previously examined a perfect specimen of this species which 
was brought from Bermuda by Mr. J. M. Jones. 
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PENTATOMXDiE. 
Jiezara viridula, Liuu. * 

One -sjR'uiincii, a fniiale nf the uniformly green variety, is 
present in the cuUectioti. This species has l)een widely dis- 
til but e<l throughout most parts of the warm divisions of both 
the Ohl and the New World. It is common in North Carolina^ 
Goor^^iu and Florida, besides the West Indies, and it might 
readily have been trans|>orted to Bermuda with plants by ve«- 
sels from either of the localities mentioned. 

JASSIDJE. 

Calidia olitoria, Say. 

Only the head of a specimen occurs with the other insects 
in the hottli?. Ttiis insect is easily identifiable, but it must be 
regretted that the entire insect was not present, for further in- 
vestigation. This little leaf-hopin r is very common upon the 
black alder in 'many of the Atlantic States, and it is a matter 
of much interest to know u[)on what plant it lives in Bermuda. 

HOMOFiERA. 
CIOADIDJB. 
Cio«d« tiblMA, Linn.- 0. prainora. Say. 

Said to occur on ihe main island. Mr. J. M.Jones snys: " A 
Very n«tisy individunl, very ;ii>j>r<"i>riately named 'j;ciss(ir 
grinder . may ( < t iainly be heard, if not seett. during the hot 
weather, it is a very quick sightcti insect, and is ditik-ult to 
capture. It remains perfectly motionless until the net is 
drawn towards it, when olf it starts with a swift jerk and a 
loud h[\7.y. of derision." This is our common green Oictida of 
the United States, and it does not belong to Fidicina as the 
autlior quoted supposes. 

V^li U DO^ K U XlorTEK A. 
l[«totli«mU longipennic, Bum. 

A damaged specimen is present. It proves to be a male of 
the strongly colored variety, wilh the base of the wings. 
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especially of the posterior ones, deeply suffused with fulvous. 

By putting tojretluT the piecos of ft disintegrate'*! specimen, 
it has been pos-^iblc tu itUutify this very interesting little 
specirs. It pr()V( s to he a female, of llio tiilly developed type 
of roloratiiin, and differs in no re.siHct from the well matured 
adiiltf wliieh are common in New Jcrsev and Marvland. 

The foregoing are both freshwater types of the order, and 
must have j>asried through their young stages in places where 
suitable food could be procured. This goes to show tluii ponds 
or swamps of fresh or mildly brackish water must exist in the 
vicinity of the places from which these specimens were taken. 
Neither of them belongs to the strong-winged and widely rov- 
ing Odonata, whicti fly without hesitation across hundreds of 
miles of open ocean. Possibly the progenitors of these species 
might have been wafted by high winds across the six hun- 
dred miles of oceanic surface between the coast of Carolina 
and the Bermuda Islands. We know that strong winds, blow- 
ing off the mainland of Maryland and Virginia, carry count- 
le*jG numbers of nearly all kinds of insects out over the ocean, 
lii.d ih.ti many of these being dropped into the waves are re- 
turned to the shores b}' the tides and j>iled up in windrows 
along the bciuhc"?. Among the«e we have often found the 
lialf drownrd <lnigon-flies mix<'d in with the thick pdes of 
ln'( il('<, bu^<. wasps, aud liies which stretclied along the lino of 
tiie retreating tide. 

This suggests tlie fact that either the tadpoles of frogs, or 
the larvtP of other insects, must be [)resent in the standing 
water of these islands, to afford food to the voracious larvae 
and nymphs of these dragon-flies. 

It is extremely improbable that Uicse are the only kinds of 
Odonata inhabiting the Bermudas. The swift-winged ^Eschuas, 
and some of the large and strong species of Tramea and 
Libellula have been seen on ships at a greater distance from 
the mainland than the position of these islands. We should 
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therefore expect to Bnd such forms as Anax Junius, Tramsa Cora- 
lina^ Pantula fiameacenSf and perhaps lAbdlxda maifoKiala and 
Leptkemis JismalogaMra^ hawking over one or another pari of 

the low districts of BenTuida, and especially iu plac^ where 
mosquitoes develop iu greatest numbers. 

DERMAPTERA. 

Forficula gi^iUea, Fab, 

A few specimens of the male of this large apd showy ear* 
wig are present in the collection. Two of these measure 10 
lines to ihe end of the abdomen, while the chelae have a 
length of fully three lines. This species was originally de> 
rived from the region of the Mediterranean, but it has recently 
been widely distributed by commerce to parts along the eastern 
border of'the Tn i ted States, und no doubt the same agency 
has transferred it to the soil of the Bermudas. 

ORTHOPTERA. 
BLATTIDJi. 

llabm AmeriMSB, Linn. 

Several speeimens botli of the adult and larval form, are in 
the collection. Tlicy dilh-r in no re.";jK'ct from the nsual types 
which are now distributL<l owr nu)st of the world by the 
activilit < nl coninieree. This s|>eties ifs common in warehous<.s 
near tlie docks in some of our cili<'S adjat cnt to tlie Atlantic 
coast, but it seoms not to have foriucd u i)erniuueiit lodgment 
iu any of tlu-ni. The su|>j>ly is kept up by the frequent 
arrivals of vr-sds from tropical countries, in which they rest 
concealed hrtwet u the packages of merchandise. 
PaaelUora KmUto, ¥ab. 

This is another common cocknnu h widely distributed by 
the agency of commerce. Tt is- alluded to in the worlt of J. M. 
.Tones, under the name JUaiUi Maderenaia, as beings seen in 
** cellars and other dark places, on tliosc islands, where it 
is commonly known by the name of ' Knocker/ from a habit it 
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has of making a noiae like a person gently tapping a box, or 
skirting board." 

AORYDUDiB. 
Stenobothrus maonlipaimii, Souddcr. 

A pair of the sexes, from which the colors liave hceii pretty 
thoroughly extracted by the alcohol, is present in ibis collec- 
tion. In points of structure they correspond with specimens 
common to the region around Baltimore. Yet it is to be re- 
gretted tliat tlie entire absence of original color and conse- 
quent obscurity of pattern of marking make it impossible to 
ascertain to which one of the varieties these individuals belong. 

QBTUJDJB. 

This abundant North American cricket seems to be well 
settled upon the islands, although we are not informed as to 
its habits and distribution in that locality. It is the most lit- 
toral of our s}>eeies inhabiting the Atlantic region, and finds a 
home in all tlie States from eastern Massachusetts, on Cape 
Cod, to the neighborhood of Saint Augustine, Florida. 

Evidence is no lons:er wanting as to the modifications in the 
length and structure of tlie winjjfs and wing-covers of this 
species. From an examination ot" one colony after unollier on 
one of the beaches soutli of Baltimore, at intervals through a 
period of more than twenty years, I am led to tlio conclusion 
that the small colonies of twenty or more individuals are de- 
rived from the eggs of a single female. Several times the tide 
has carried off and drowned all the individuals from a sliort 
sand beach, which had to be re-stocked bv another hroud tlie 
succeeding year. By aiding in thi.s work through the intro- 
duction (»f gravi<l females from otla r beaches. 1 have essen- 
tially restoreil the original condiliou of the colony. In tliese 
assemblages a small number of full-winged individuals occur 
almost every year, and during times in which the beach 
becoines clogged by excess of mud or carbonaeeuus matter the 
crickets become partly darker in color. A great advautiige is 
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gained in studying this species, because of the great length of 
its ovipositor and the greater })i (>i)ortions of all its organs/as 
compared with its nearest relatives in the same section of 
country. The black species which we have all along ri^arile<l 
as Grylhis Penmylvatdcus Burm. lives almost within the same 
territory, but it prefers the dark loamy soils farther inland, 
and only ventures upon the open pale sand beaches when 
hard pressed for food or moisture. 

Further, the (/. Inrtnosuft is very variable in color iiml j>at- 
tern of marking in tlu- various young stjigi'S, as well as in liie 
fully adult. 1 lu; (i. !'( imsi/lranScuH an the other hand is very 
slightly variable in color, and has a much shorter ovipositor, but 
it also has occasional individuals of bolii sexes fully u ingnl. 

Now the specimens brought in fr«»m lieniiuda display pre- 
cisely the panic diflVruiiccs of dci^rce ;iiid kind of color uiul 
structure ihuL we obsL'i vc belonging to those colonies inhabit- 
ing the tidal re«»ion .south and east of lialliinorc. From Ber- 
muda the long and short winged individuals arc pnsent in 
both sexes, and the colors vary in both young and adults. 

LOOU8TZDJB. 

A badly broken female specimen is the only representative 
of this fonn in the collection. The length and form of the 
ovipositor and the shape and markings of the head and pro- 
notum definitely refer it to this species. 

DiPTEllA. 
TASANIDJB. 

This is one of the smaller horse-flies, related to T, Ihtetday Fabr., 
but in color it resembles the T. cinetat Fabr. The specimens arc 
too much altered to be accurately determined. 

Odonlomyia. >]<■ 

Two s]»ccimeus are in the collection. 
Saroophaga oanftxU, l.inn. 

One s|>ocimen of tiie usual type is present in the Cfdlection. 
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A COHX£IBUI101j 10 tRL iLljOWLEDGE OF lEK SP1D£& FAUNA OF THE 

BBBKVBA IflLAKlM. 

BY 

DR. QWO. MARX. 

J.ittlc Ims boon liorrtofoi c known of tlio sjiider iauua »»f tlie 
Berninda.s. Mr. Rlnckwall discrilHMl i^ix spocios in the Ann. 
and Ma;;, of Nat. Hist., lsr,S; and Trof. K. i^inion, in .^pcakinL; 
of the Arachnida uf the Alhiiitic Islands in llie Annules 
Soc. I'jitoiu. do Franco, 1SS3, lias none (•> add to tlio list of Mr. 
Black wall. IIo, howevor, alludos to the charaolor of tho Hor- 
muda spitlor fauna as apjioaring to be related to that of the 
Azores and the Cauar}- Islands. 

Lately, Pro! Atigelo Heilprin, of Philadelphia, visited the 
Bermudas and coIlecte<l there twelve species, and by his kind- 
ness I have bei*n aide to study this addition to the s]>i<ler 
fauna of that region. 

Mr. Black wall described the following spocios: 
LoxoscrU's ruf*»c< Its, Lnc. 
Kpcirti (jrac'dipts. Black w. 
X'li-^flciis jiiil/uhts, liliti-kw. 
Sillirn.s (li I f rsHs, Blackw. 
JJ' fn'ojifnIa tenaforin, Linn. 
FiliHiata ticjnrssa, Koch. 

The collectiou of Prof, lleilprin contains the following 
species : 

I'lohonis ZoHis, Walck. 
NephUa clarqieSf Koch. 
Ejwira cawkUa, Hentz. 
Epeira tabyrinihrn^ Hentz. 
Tiieridhim (qyidoTiommt Koch. 
Argyrodes nephUfCf Taez. 
PfiiUcus Hpuloides, Koch. 
Dyftdem crooato, Koch. 
Menemerwi Pai/kullii^ Aud. 
Menemems mdanoffnathus, Luc. 
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Hekritpodd venatoria, Linn. 
Lycoi^a Affantiea, nov. s]h:c. 

fjoxoftcelcM rufcsccm, Luc, Ims been found in tlie West Indies, 
Central America and Florida. 

Hdewpoda rrnatoria, Lwiw semis lu occur, under a certain 
latitude, everywhere umuiui tlie globe.* 

Filistata (icy^iVAsa, synonymous (according to Simon) witli 
Fillstata capitata, Ilentz, is quite common in the southern jmrt 
of the United {States. 

Ulohorm Zosiit, A\'alek., is recorded from the West India 
Islands, Centrnl an«l South America, and occurs also some- 
times in southern Florida. 

Nt^}hifa dm ipr,^, Koch, is found in Brazil, Central America, 
Florida, Texas, and Missi.s.sippi. 

Kprria catuhita, Hentz, inhabits the United JStatcs from 
Masstichusotts to Geor<iin. 

Kpeira UihijriuUit'a, Heniz, is also common in the I'nited 
States, and has been collected in the West Indies, Central and 
South America, as far south as tiie Straits of Magellan, and in 
California. 

Theridium iepidariorum, Koch, is common to Europe and 
America. 

Argip'odcs mjthiUr is reported from Peru, Cayenne and the 
Southern StJites of the United States. 

I'hoicm (ipfiloldcn, Koch, has been described by this author 
in his work "Die Arachnidcn Amtmlirm" page 281, from 
specimens collected at the Samoa Islands. 

Dymlera crocafa, Koch, is recorded from Greece, Franco and 
Germany, and i> also common in the United States. 

Meaemerwi FaykidlU, And., and Menemerm melanognathu9, 
Luc, have been found nearly everywhere on the globe. 

From this material it is difficult to infer the true character 
of the fauna of these Islands. The frequent arrival of vessels 

»S«e an wriicle by Kev. II. C. McCook. in Pkocee I. Academy Nat. Sci. Philod., 
1878. 
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from many foreign ports, the drift of the Gulf Stream, and 
other causes, have introduced into this region a number of 
species originally foreign to that locality, but which, in time, 
not only have acclimatized themselves, but have, in a more 
or less marked degree, drjven away and extingubhed the in- 
digenous spider fauna. 

This fact has been noticed in all localities open to the im- 
portation of a foreign element. These species are then called 

coitmoitolitan, juul by I'ar the greater nunibiT uf those l)rought 
to notice hy Mr. Hlackwall and Prof. Ileilprin bear this char- 
acter; but (hawing a superficial conclusion frmn tliis material 
it seenipi thni the spider fauna of the Bermudas is more 
American tlian anything else, for out of the seventeen species 
now known, only four are original (so farj to these Islands, and 
nine are found also iu the limits of the United States. 

LyottM AtiaatiM, nor. ipoe. 

Cephalothoraz dark olivaceous brown, with a narrow longi- 
tudinal yellow band over the middle, which begins at the pos- 
terior margin and runs over the whole length into the region 
of the first eye row. Another, equally colored, but somewhat 
broader, band runs at the sides, above the lateral margin, ter- 
minating at the sides of the pars eeplialiea. Mandibles dark 
browii with loniz. thick, and black pubescence. Maxilhe and 
labium more reU»li.^li brown ; sternum lighter, olivaceous yel- 
low with a lighter border, hairy. Palpi anri legs uniformly 
light olivaceous yellow, with black hairs and without rings or 
markings, tarsal joints of the former infnscated. Abdomen: 
dorsum dark olivaceous brown with a narrow, whitish, slightly 
sj>ear-shaped figure, which is edged by a very narrow^ blackish 
line; behind this a row of four rather indistinct white (small) 
round spots, which reach the apex. Venter light yellow, mid- 
dle region still lighter. 

Ophalolhorax as long as patella X, tibia IV; one-third 
longer than wide ; back straight, evenly sloping in back and 
front, face nearly perpendicular. Lower eye row longer than 
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secoiul. Mi<l»llc eyes of lower row about twice as large as the 
lateral eyes, liistjince between the largo eyes of the second 
row smaller than their diameter; eves of the third row as 
large as middle ones of the first row. Mandil)les as Joiiir as 
tibia III. Cephalothorax long, 6 mm. ; broad, 45 in the mid- 
dle region; in front, 2*2. 

Abdomen, long, <> mm. Mandibles, 2 7. 

Femur I 4 Palella 2 "l ibia^i S MeMiar-u* ^-8 Tarsus 2-2 T.»tal. 14 3 

" 11 38 "2 "3 2*7 "2 " 13.'i 

*' 1118-4 ' " 1-8 " 2 8 *• 8 1-5 liiS 

" IV 6 »* a-l «* 4 •* 6'.> •* 2-4 10 

Explanation of Plate 14. 

Fig. 1. Uioborua ZosiSf Wulck. Female. 

l.a. Abdomen from the side. 

l.b. Epigynum. 

1.0. Male palpus. 
Fig. 2. Menemerui PaykuUii, And. 



VOTES ON A SMALL COLLECTION OF XY&IAP0D8 FROM THE 

BBBHVBA IfllAUW. 

BY 

CHARLKS H. BOLLMAN. 

The following speeies, which were collected by Prof. Heil- 
prin in the Summer of 1888, although limited in number, 
sliow the diverse origin of the rayriapod fauna of the Bermuda 

Islands. lIeretofor«', .hdiiit Mfireleti had onlv been found in the 
Azores Islands; Meastoccphalus Gu'ddlnijii in the West Indies; 
Lithphiiis laj>{dic(dn in Europe; and S}droboln^ Ilcdprini, by 
having seobina, shows its West Indian and not African origin, 
for all the Spimholi found in tht- latt( r c'untinent belong to liie 
subgenus from wliicii seobina are ab-H'nt. 

These four specii s. hi sides a specimen of Scolopcudra std>- 
Kpinipt-s vvliicli I lun t in my collection, are all that have a? yet 
been roporwd from I he Bermuda Islands. 
Spurobolus HtUprini, uuv. 
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liiag. — RolaliMl to Spiroholus finrorinrtmi, Kar^^ch., l»Tit tJie 
sf<^mt nts very (ii.stinctly segnicnted ; anterior part not striate; 
antennic and logs redtlisli-brown. 

T}/pe. — Museum Acad. Nat. 8ci. Pliil. Greenish-black, pos- 
terior margin of segments rufous; antennae and legs reddisli- 
brown. Slender, anterior segments scarcely attenuated. Ver- 
tex smooth, sulcus shallow; clypeus only moderately eynargin- 
ate, foveolsa 2 + 2, distant; sulcus sub-continuous with verti- 
raL Antennie rather slender, reaching second segment iu 
both sexes. Ocelli arranged in a suboval or subtriangular 
patch, 45-55, in seven or eight series. Segments not smooth ; 
posterior parts above with short and wavy strife, beneath with 
short and straight strios ; median part with a transverse sulcus 
which ends above repugnatorial pore; posterior above with 
a few strite, beneath almost smooth or with a few weak oblique 
striie. Lateral lobes of fir^t segment rounded, a wt ak mar- 
ginal sulcus. Anal .stgmcnt willi a Hat. thick mucro, which 
passes beyond valves; anal valves wiakly margiiu-d, not 
punctate; anal scale obtusely angle<l. Jiepugnaturiul pore 
placed on anterior division, small and rather de«'ply set. Legs 
extending sliglitly beyond sides of body. ^^aK': slendcTer 
than female: coxa- of Hd, Uii. and .Ith pairs of legs j)rodijced 
into short lobes; tibia and first two tarsal joints beneath with 
an oval roughened lobe: joints of anterior legs short and thick, 
third and fourth pairs of legs strongest; tarsi without a pad ; 
ventral plate of copulation-foot triangular, as high as foot, its 
base not concave, its posterior surface ridged, thus making the 
plate of a triangular-pyramidal form ; anterior j)art of first 
foot not as high as ventral plate, triangularly pointed, the ven- 
tral plate ridge separating them ; posterior part of anterior 
foot as high as ventral plate, its apex with a short blunt lobe 
on its posterior surface; posterior copulation-foot bifid, pro- 
jecting out of the opening, the upper branches flattened and 
fan-shaped at the end, which is convex ; lower branch elongate- 
lanceolate, its upper edge sernite ; basal part of foot rectangular 
and white, while the upper part is yellowish. 
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Segments male, 46 ; female, 44. 
Length 52~, width 3'8—-4-2— 

This species is described from six broken and badly pre- 
served specimens. In the type of copulation-foot it resembles 
S. arbareuM and S. Dugesi, and it is very probable that all 
the species belonging to this group have tlie same type, i.e. the 
ventral plate triangular and as high as posterior part of an- 
terior part, while the anterior part is less, the posterior foot 
bifid and projecting out of the opening. 

I have named this species after Prof. Angclo Heilprin, of the 
Academy of Natural Sciences of Philadelphia. 

Jvlm Moittotl, Loom. 

In the eollectidii are a nuiiiberof female specimens which 
I refer to this species. It luia only been found in the Azores 
Ishimln. 

Theise specimens liave the stria» of tlie anterior division of 
t!»e segments not so irregular as is represented in Porath s tigure 
of the species * 

S<H^r|ii, iits 42— 49. Adult almost blaek, legs reddish-brown; 
vmhil; dusky, with a lateral row of black spots and a medium 
bluck dorsal line, bordered with yellowish, 

MeoiitoMpllAlnf OniUUllKii. Newport. 

Tliree specimens. These are so moulded and broken that 
it is almost impossible to make much out of them ; but in the 
characters of the head they seem to be identical with the West 
Indian species. 

UHmUu UpldiMU, Mcinert. 

Two specimens, male and female. Joints of antennae 26 ; 
ocelli 8 or 9, in three series; coxal pores male 2, 3, 3, 2, female 
3, 4, 4, 3; spines of first pair of legs, 0, 1,1; of penultimate 
pair, 1, 3, 3, 1 ; of anal pair, 1, 3, 2, 0; spines of female geni- 
talia stout, claw very distinctly tripartite, middle lobe not 
much the longest ; length male 7""" ; female 8"*. 

*Am iifigra Myrio|M>der friu Azorcrna. Ofvcr. Kongl. Vet. Akad. Foih. 

Slockh., iJ2U, 1»70. 
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It is very possible tliat lliese specimens are not identical 
with A. lapidicnla, a Eiiroj)eaii species; but as they are rather 
mutilated, 1 have hesitated to describe them as uew. 
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ZOOLOGY OF THE BERMUDAS (ewHnued), 



M0LLU8CA. 

The species of mollusks enumerated in the following pages, 
although probably far sliort of the actual number found in 
the region, give a good idea of the character of the molluV 
can fauna of the archipelago. Somewhat more than 170 
marine forms, and 30 terrestrial species, are catalogued ; before 
our visit barely more than one-half of this number had been 
officially recorded from the Bermudas. The general relation- 
ship of this fauna has already been discussed in Chapter V, 
and it is, therefore, not necessary to enter here into any further 
details connected with the subject 

CEPHALOPODA. 

Cuttle fislns lire said to be ahundant in the lUiiiiudian 
waters, but \vv were not very successful in our search after 
these animals. Two moderately large? octojKids, which we 
could only see, but not obtain, may i)0ssibly he the common 
West fiuliaii ( ktojxi^'^ mh/aris^ in- one of the forms that have 
l)een separated ofi tVom it as a distinct species. We made 
considcrahlc ctlnrts to capluri! one of these, but all otir at- 
tempts to (lislod^^c th<' creature from its liold upon tiic interior 
of a rock-( revi( (' were unvailincf. The following species 
(OdojiK.-i chroiuuliiM) wiis obtained bcnealli a stone uu the beach 
of Flutte Village. 
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Octopus chromatui, u. kji, 
Argonauta. 

It seems to me likely that at loast two forms of tlic argonaut 
are found here — Argoiututa luans and A. Argo. Unfortunately 
I am compelled to rely upon my memory alone for the de* 
termination of these forms, and pos-sildy I may he in error. 
The animal or {mrts of the animal of the argonaut have heen 
several times captured on the Bermudiun shores, and Mr. Bar- 
tram, of Stock's Point, has a heautifully preserved specimen 
of one of the si)ecies that was caught, I helieve, some forty 
years ago, or more. 

Spiral* P^bU, Lmb. 

Tilt' shell ul tliis cephalopod is very abundant, aiul may be 
found larjjely ^Mtliered in with tlu* strewn (iulf-wrntk wliich 
in most jilaces lines tlie eoast. The shells are also found in 
quantitiis. a half dozen or more, in the tidal rock-cavities, 
whither they had bcen»swept by tlie sea. 

GASTERuruDA* 

■«NS MMM, Brad. 

La Paz, Panama. 

Knrez nuceuf, Mordi. 

This specif's was ori;j:i!inll y (h'sorilxMl from the Heniiudas. 
An identical form Irom Marco, west coast of the ptiiinsula of 
Florida, is in the collections of the Academy of Natural 
•Sciences of Philadelphia. 

Fla., Bahamas. 

Parptura haBmastoma, L. 

var. P. undiifd. Lam, 
Forida, W. Indies. 

* 1 he localitk^ mentioned indicate in a general way ihe range of the species. 
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Florida, AspinwalL 

MCoa eynoMplwlva, Lmb. 

St. TlioMias, Philippines. 

Triton pileare, L. 

W. Indies, Philippines. 

Triton fUovMtoms, Lam. 

W. Fndios, Mauritius, Pliilippines. 
Triton tuberosum, Lam. 

W. Indies, Mauritius, Society Is. 
Philippines. 

Thi6 species. t!i< spL't'iiiieu.s of which are absolutely identi- 
cal with the foriiis from the Pliilippine Islands, is closely re- 
lated to Try on V l\jiidromm Suiffi, from A!iti<rua, but tiie ribs 
are less prominent than in that specie.s, and the general out- 
line of the shell is more acicuiar. 
Bftdnnu (Triton) laaoMUitu, Mmko. 

I give this species on the authority of Matthew Jones (Con- 
tributions to the Natura] History of the Bermudas, Trans. 
Nova Scotia Inst.) 

EuMlia ernentatAt ^*>w. 

var. i?. Bhofiofifmna, Beck. 
H. Thovim, D'Urb. 

St Thomas, Mauritius, Philippines. 
Fustotarta iittaas* tut. 

I did not myself meet with this shell. Jones obtained 
a single specimen, partly imbedded in the calcareous rock, 
and it is therefore not unlikely that the animal is still an in- 
habitant of the surrounding waters. 

Loacoioaia ein^aliferft, Law. 

Florida. 
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Martinique, W. Africa. 

1 Fisania biliratum, Uvcvc. 

I have little doubt that tlio species occurring under this 
name in Jones's list is a Canthartu. 

W. Indies. 

<3Mitliamt tineta, Cour. 

Florida. 

Phos. op. ? 

Two young specimens uhich 1 have been unable to identify 
with known species. 

KuM amklgiiA, Montr. 

W. Indies. 

Xar^ella apioina, Mcnkp. 

Florida, Bahamas. 
XarfiMlU aiaute, Pfr. 

Bahamas. 

Florida, W. Indies. 
T VolTwrU p«lliioid«, 

W, Indies. 
OllTtlU nIvMi, Ooi«i. 

W. Indies. 

Till SI' two are probably one species. 
1 0livtlla miliola 
OliTft ntisiilwif, Lmd. 

Florida, W. Indies, Venezuela. 

f 01ivfttall«lft,S<m. 

Thespccits inaik» (i witli this namo in Jones's lijit is prob- 
ably Olivella oryza or 0. am a. 
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Dall, in his li.st uf thu West Atlautie marine Molliiscu (Hull. 
IJ. S. National Museum, No. "24, 188')), in( ludes (Hiva muiimy 
Say, among his Hi rmudian species, and (jUoteH Krebs as his 
authority. This is un error. Krehs niak* > uo nientidn (»t' the 
orcurrentc of tlw' sficc ics in the Bermudas (Catalogue West 
Indian Marine Shells, [). 39). 
Columbelia merefttoria, L. 

W. Indies. 
ColmailwlU eribrmria, Lam. 

Florida, Bahamas. 
Golvattella (AbmUs) fp. t 

A fonn closely allied to A, fAiearia, from New Caledonia. 

Cythara vPleurotomaj, u. s«i>. 

Identical with a form fruiu Key Lai^o, Florida. 

CoBU AgMtlsli, Dall. 
Itrombtti gigM, L. 

Florida, W. Indies, S. America. 

Btrombut aocipitriaill« Mart. 

W. Indies. 

All tlie specimens of this species that I have seen from the 
Bermudas lack the epidermis, and have the columellar sur- 
face of a leaden, gray color. They seem to differ from 
the normal type of the species in having a broader and more 
elevated sjare, and in a more regular nodulation of the body- 
whorl. 

CypraPE cervus, L. 

W. In<lie», Panama. 

This species grows to a very large size. A specimen which 
I hail the privilege of examining in the collection of Mr. Bar- 
tram, of Stock's Point, far surpasses in this respect all other 
specimens of the species whicli have come to my notice. The 
species occurs as a sub^fossil at St. George's and elsewhere. 
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Cyproia cinerea, UincI. 

Also occurs as a sub-fossil. 
TiivU ««a4rip«Mtete, Gray. 
Bahamas. 

Trivia Buffusa, Gray. 

Baijaiiiiis. 

I believe Ibat tbese two forms are merely varieties of one 
and the same species^ being connected by a number of iu ter- 
med iato types. 

CfphMU flbb«Mh L. 

Florida, Cuba. 
9oli«m paidix, L. 
W. Indies^ Pacific Islands. 

Vatiea oanreaa, L. 

Florida, W. Indies, Costa Rica. 

The nidus of probably this species, which we found in the 
Flatts Inlet, is a collar of lime-mud, in form very much like 
that of NttHca heroBf of the east American coast 

Hatica laot«a, (Juild. 

This species is very close to, if not identical with, A^uUica 
Flaminffiana, Heel, from the Feejee Islands. 

Hatioa Karo«liiiM&8ii, flm«i. 

W. Indies, W. Africa, Sandwich ihiuniis. 
CnpMvl* MBvasft, Say. 

Eastern United Stales. 

Two small specimens obtained through the kindness of Miss 
A. TenistoTi, which are seemingly this species. 

1 Crepidula fornicata, L. {young.) 
Fhornt agglntiaani, h. 

This is probably a rare sliell. We obtained but a single 
8|iecimeu from the rocks olf Bailey's Boy. 
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A number of sraall specimeiiSy obtained from the sands of 
tbe north shore, which closely resemble the Jlefh: {AdeorHMy 
eydottomaides of Pfeiffer, from Cuba. The spire in the Bermu- 
dian form is, however, practically wanting. 

Soal&ria oUthrni, L. 

iS*. lawf'/losd , Lain. 
S. vonniafa. 

South Carolina, \V. Indies, Europe. 
Florida. 

Common on both shores of the islands, and largely associated 
with ^iruh Peronii, Its occurrrnc-e away from the immediate 
shore>tine is, doubtless, due to wind deposit 

luthlBft Swn. 

Floriila. 

Tlii^ s|)(fies is appar<3iitly luueh less abunduut than the 
preceduig. 

TarritelU, cp. t 

Several fragments of a species which I have been unable to 
determine. 

f ▼•rSMtif KB«ni, Say. 

f /ji,>> ra>lir}tla, Stimpson. 
Siliqaaria (Tenag^du) rutwr, ^ebum. 

I c this species as a member of the Beruiudian fauna on 
the authority of Morch. 

Florida. 

A >iin^]e speeiineii from llie siiiids of tiie north shore. 

Cwoum termes. n. !•!>. 

A nuinlH't- of s|H.*cimen^ obtaiucU through the kiuUucss of 
Miss Teniston. 
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W. Indies. 
Leiottraea. ? 
StyUfer. »p. ? 

Alnindaiit in the skin of the large holothuriuns (SiiehcpuB). 
1 faileil to obtain specimens, and am, in consequence, ignorant 
of the species. 

Qiemnitzia pvleheUa, D'Orb. 
St. Thomas. 

Turboailla paiilUt Adams. 

St Thomas. 
Bahamas, Cuba. 

Littoriaa angulifera, I.iun. 

Liitorina limata, (imel. 
d. L. scabra, h, ? 
W. Indies. 
UtS«riu mnrftttte, L. 

W. Indies. 

tittarlM Mstttftlsui, Lam. 

TMtariut Antillarnm, D'Orb. 

W. Indies. 
Florida. 

The Modulus leniieularu (Chemn.) of Jones is probably this 
species. 

M0A«ltti pisnm, B«ok. 

Plarefl here on the authority of Morch. 

Liiiopa •triata, lUug. 
€«rithiain literatam, Brug. 

W. Indies. 
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Cttiithinm ierrugineam, S«j. 

C. versiedor, Adams. 
C, Bemudx, Sowb. 
C. Erienaef VaL 
Florida, W. Indies. 
Ctrifhium, ip. f 

A form apparently closely related to CerUJiium diademay 
Watson, from Madeira. 
PoUnidat minimoa, Gmel. 

p 

P. nigreteeMi Menke. 

P, alboviUaiuSf Adams. 

?P. zonule (in part), Brug. 

E, United States, W. Indies, Europe. 

St. Thomas. 
St Thomas. 

Kis»oiua cranBicoatatA, AUaiiii*. 

iSt. Thomas. 
BiMWin* BagnlmiM, D*0rb. 
St. Thomas. 

Ruaoina micana, Adams, in Jones's list 

Hydrobia ? 

Harita peloronUi, L. 

W. Indies. 

X«rlte tMMllate, Ond. 

W. Indies. 
S«ritaT«ni«olor, tim«l. 
Florida, W. Indies, Costa Rico. 

Heritina viridii, L. 

W. indies, I^ancerote, Meditcrruuciin. 
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■nitina Virginea, L. 

\V. Jiitiies, Brazil. 
PbMa«tt«Ua XoeU, Phil. 

South Africa. 

This species is not unlikely but a variety of Phasiauella 
pMi, L., from tlie Mediterranean, the west coast of Africa, etc. 

Turbo pioa, L. 

W. Indies^ Nicaragua, Panama. 

This latge and beautiful shell is abundant along the south- 
ern shores, whei-e it also occurs imbedded as a sub-fossil in the 
calcareous rock. It appears to be always laigely water-worn, 
and in no instance did it contain the animal. Indeed, I am 
assured by old residents who have intentionally sought for the 
animal that it has never been found in the island-waters. 
Probably the animal inhabits the deeper waters, and only t!ic 
empty shell is cast upon the beach. 

Astralinm iongi spina, Imih. 

Trockus {Imperaior) calcar, h., of Jones's list. 
W. Indies, Honduras. , 

Stomatia picta, D'Orb. 

St. Thomas. 
W. Indies. 

Fissurella BarbatUaaii, Umei. 

Barbados. 
flMonllft AatUlaram, D'Oib. 

Cuba. 

Eastern United Sttites, Nicaragua. 

InaxfiAalft dtntigera. n. <<i>. 
SntrgianlA pileum, n, sjt. 
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Pattella aotat*, lj»ui. 

I'atrlla confuta, 
W. Indies. 

B«1U ftflftta, Brag. 

Florida, W. Indies, Africa, etc. 

Ballina (BuiU) aitidula, Dillw. 
HydAtin* (Bulla) pliyiii, L. 

These two West Indian species are hero enumerated on tiie 
anthority of Jones. 

Utrioalus C&ndei, D'Orb. 

Florida, W. Indies. 
VmknlU (Op«««lat»») B«nimA6«aSt, Moreh. 

On the identification of Morch. 

llphoaarU piota, Sow. 

Panama, Mazatlan. 

Florida. 
Oentaliw MiiiitiUttti» anlld. 

W. Indies. 

Oadvliu qvadrMratotu, THM. 

FI<.)r:*l:i rua:~L. 
Cbiton aqoamosai, L. 
Chiton DuurmorfttUt Gm«l. 
IiehMohitoii pwpWMMM* Aduu. 
IWaiolA tolmaal, shutti. 
ApljiU ttqttOFM, n. sp. 
CkmmtdmiM nbra, d. ip. 

LAMELUBKAIi CHIAT A. 
Found in driftwood ; ^species uudetermiued. 
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MftTtoiU striate, L. 

On the authority of Juues. 
Siliqtm bidintoto, Bpengl. 

Florida, Panama. 

MMha ABtilUniB, D*Orb. 
LyonsU B«ani, D*Orb. 

Florida, W. Indies. 
temtlA vartofftta. Laid. 

Florida, 
lenele arUo«l«te, Sow. 

Florida, S. Car.. W. Indies. 
? tkiiide niicuiata^ iSiiy. 
BuMto oanMlUte, Sow. 

St. Thomas. 

W. In<lies. 
Btoicill* flazBOia, Smj, 

W. Indies. 

TsUina polita. S»y. 

East coast Ame rica, Florida. 
TaUiaa Oonldiit U»Dl«jr. 

Catifomia. 

Thllina TampseemiRf Conr., from Florida, is probably identi- 
cal with this species; but there is no question as to the identity 
of the Bermudian and Galifomiau forms. 

TeUisa Oniani, Phil. 

TrUiita iiiUnttn'rifa, Say. 

Cdpm f^])rrtahUi)i of Jones's list. 

St. Tliomas. 

TtfUiBft ndiate, L. 

and var. T€Uina unimaculaia. 
W. Indies. 
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TklUaa interrapta, Wood. 

Tellina macuUmi, Lam. 
St. Thomas. 

Tellina Isevigfttft, L. 

Bahamas. 

TUUm Mgu* SpragU 

Floridft, W. Indies. 

TeUina exilis, Lam. 

Guad«}loupe, Jamaica. 

Mmobui •taraft» n. ap. 
OUoM ▼•utiaaa, Imu. 

St. Thomas, France. 

Clroe Cabaniana, D'OtU. 

Florida, W. Indies. 

Given on the authority of Jones. 

Cytherea Peni«toni, n. 
Cardium serratum, Itm^. 

Florida, St. Thomas. 
W. Indies. 

Ohama ezogyra, Conr. 

('ulifornica, Mexii(». 

Two specimens, which arc uhsohitiily undistiuguishuble 
from the si)ecies of the weal .\mericau comit. 

Ohuift liafui-f»lil» Boere. 
Cluuu Stramdmult, n. ip, 

Lorijica chryaodoma of Jones*8 list. 
Florida, W. Indies, Nicaragua. 

Lucina aquamoaa, Lam. 
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ILiwina imbricahUaj Adams. 
W. Indies. 

Lseina tigrins, L. 

W. Indies. 

W. Indies, Aspinwall. 

Laeiaa Antillamm, Itc«>ve. 

Lxicinti ('Of(tala\ D'Orb. 
W. Indies. 

Lacim peethiaiot Ads. 
St Thomas. 

Xytift xwUneida, n. op, 

A form identical witli tlie al)<>vo, from St. TlHtni.is, is con- 
taiiied in the rolloctions of the Academy of Natural iScicucca. 
Cnmttll* 6ii«d«lBpttiiai», D'Orb. 

W, Indies. 

AMt VMi« L. 

W. Tiiflirf, IOuro|H'. 
Area DeBhajeiii, lloolc^-. 

8t. 1 homa8. 

I liavc 11(1 doubt that the Area Anurimna, of Gray, men- 
tioned by Jones as a very common slwli of the Bermudas, is 
this species. 
Ana gndate, Brod. 

Area Domii}(fni)^}H, Lam. 
Florida. St. ThomaH, Mazatlan, Cape Vordc 1. 
Aroa Adamai, SimUl. 

Florida, Cuba. 

The Bermudian specimens appear to be somewhat less pro- 
duced posteriorly than the more soulhcm forms, but in other 
respects they agree very closely. The species is probably 
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identical with Area 9olida, B. and S., from the Oalifoniian 
coast 

Area imbncala., nrii((. 

W. Indies, Mazatlan, Fe<'joe Islaiuls. 

The Area nnitabUUf of iSowerby, dues not diUer eiiseiitially 
from this species. 

Mylilta Donvingeimi of Jones's list 

VottoU tnlipa, L. 

E. rnitod States, Bahamas, W. Indies. 
UtlMdMKU AatUUruB, Phil. 

LUhadomu* niger, 
Florida, St. Thomas. 

Uthodmu sfpeBditvUtui, Pbil. 

Onha. 
Onnella Uter&lit, 

S. Carolina, Florida. 
AviMla ito-perdidi. Beer*. 

Mfit'ai/nun placunoide*^ Iveovo, of Joncji's list. 
Florida, \V. Indies. 

Avioula AU&AtiMh L»m. 
S. Carolina, 

? AricHla maeroptfr<tf Jjara. — \V. Indii«s, E. Indies. 
Antnios, Indian and Pacific Oceans. 

Pinna rudis. l.aii). 

\\\ Indies, 
nitatilamioia, L. 

Florida, W. Indies. 

liwuk tcners. Chran. 

Lin^a fnitfiliit^ Sow., of Jones; s lisL 
Florida. 
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W. Tiiflies, Pacific Ocean. 

Peeten iznbrioatas, <iiiii-l. 

8t. Tliomas, I'ticiiic Ocean, Australia. 
W. Indifi». 

There seems to bo much confusion rcganling the species of 
Spoiidyliis which inhiibit the W est ludiun niui Herriiinliaii 

vvatcr.-;, ami, as it appears to iiic, an unmces^iary imiUi|>lic';uion 
of specific iiam(v«. The iinlividual variation ainoii;^ tlie 
spft ios is wry threat, and does not })erniit of that close charac- 
t«.Ti/.jit ion nf forms vvliii li has l>een attemplt d l»y sotne syste- 
niatisis. I Ix'lievc that tSyio/M/y^'x /iTW/'/vV'nu'.s iia ludes inucli, 
il' ni»t all. of wliat lias hcen desci iljed uu^lrv SfH/ndyluif ioiigi- 
ludinaliH, S. uiUulalim, tS. coccincuiSf and ti. erinacvuH. 

Am— i> ttpliippiamt L. 

America, Eurojic. 

OttTM firont, T«. 
W. Indies. 

PTTLMONATA. 

Tiie hind siiells cninin rate<l in the following li>l are in ex- 
cess hv some ten forms of the numher hitherto credited to the 
HerniU(hi8. Most of these we eolleeted ourselves or obtained 
through the aid of local collectors; others I found in the col- 
lection made a few years ago by Mr. G. Brown (ioode, while a 
few have been quite recently sent to me by Miss A. Peuiston, 
of Feniston's, Bernnida. Tlic remaining forms are given on 
the authority of Fischer {Mannd de Conch )/liolo(/ic), Bland 
(quoted by Wallace in ^* Island Life/' pp. 2')r>-57), and Pfeiffer. 
These are preceded by an asterisk. For the determination of 
the species I am largely indebted to Mr. H. A. Pilsbry, Conserva- 
tor of the Conchological Department of the Academy of Natural 
SQiences, who has also prepared a special paper on the more 
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distinctive BL-rmudian iielices. The localities placer! opyx>sit<* 
tiic spe( ies indicate in a general way tbeir geographical dis- 
tribution. 

H«liz (CoehlioellB) VMtriMUf Dnp. 

Mediterranean re^^ion, Canaries, Azores. 

Helix i Microphysai vortex, Plr. 

W. Indies, United States. 

Btliz (FolygTim) iBi«n»doiitA,D««h. 

Texas, Florida? 

Helix 'Hyalu^agdai discrepans, I'fr. 

« H«Ux ^ValloDift) pololielU, MUll. 

Europe, Azores. 

(liven on theauthority of Blaud, as quoted l»y Wallace. Tliis 
8(»ecies apiKMirsto differ but little, if at all, from HeUx minnfa, 

of Say, a common form of the United States. 

Helix appmM* f^7* 

IN'misvlvaiiia to Illinois and Aikauaas. 

!U«Iix hypoleptat Simitl. 

This species, which appears to have been obtained from the 
Berniudian collection of M. Bland, is very inadequately de- 
scribed by Shuttleworth {Dhgnosen miter MoUtisken, j). 12*.)), so 
that it is barely recognizable as a distinct species. It is closely 
related to JIdix viinvseula^ of Binney. 
PwoUotoBitM Sarmudtiuisi Pft-. 
PoRcilozonitea cireumflrmatttt, R«df. 
PiBcilosomtes R«iniauus, I'tr. 
Succinea Bermudensis. I'fr, 

* Sucoiuea fulgeiu, U». 

Cuba. 

* fluoeiaeft aargarito, PEr. 

nnyti. 
Papa JamaioensU, A(iaiu«. 

Jamaica. 
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W. I lid it's, Y ucatan. 

* Papa Barbadeniii, Pfr. 

Barbiidos. 

On the authority of Bhind, quoted by Wallace. 

? BtUimulus nitidulm, Pfr. 
United States, W. Indies. 

BnUmuiaa deooUatus, L. 

Cuba, Southern Europe, etc. 

This species appears to have been recently introduced, and 
is not mentioned in the earlier li^ts of the Bermudiau pul- 
monatcs. It is, however, very abundant in places; we found 
it especially numerous along the roadside near the Smith 
Parish Cluircli. 

• GaeUUaella (CiouliA) MienU, MUll. 

Central EuropCi Madeira, 
f ttaofyra tetou, Chemn. 

Antilles. ( aiacas, I'anania. 

Alexia BermudeusU, Ada. 
P«dipM tridem, Pfr. 

This species is considered by Arango (Chntribucion a la Fauna 
MakKohgiea Ouhanot p. 60) to be identical with I^ipeamiralnlUf 
Muhlf, a form from Cuba, Jamaica, Guadeloupe, etc. 

Kelampua puiillus, Qmel. 

W. Indies. 
Mtlaapu B«a««Ui, Pfr. 

■ 

W. Indies, Mexico, Guiana. 

MftbUBpai (Tralia) ein^Iatni, Pflr. 

Cuba, Jamaica, i'orto Rico, 
TjnMtelU Cf^ViDf iiif I Sow, 
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Oiibn, Jamaica. 

Imucattilia aubcylindrica, (irny. 

C'ubtt, St. Thomas, Torto Rico. 
Cuba» St. ThoinaSy Porto Rico. 

Bttt«inm oonTtZB, Pfr. 

Onohidium traut-Atlaiitieam, n. xp. 

nw tFICin OF MOLLVIOA. 

Octopus oliroiiuitiii. (Pi 16, fig. 1.) 

Im.mIv splicroidnl. sonit;wliat aciiiniiiati) bdiitnl, and im- 
prt's.sc«l, ljul iiul lurrowt'il, veiitrally ; nmnlle <'|h iiiiii: ( xtt ini- 
inuj tthniit oiu -fialf nrouud the ciivuniferencc of tht body, ami 
ti'iiniiiatiiij4 .-(Miic distaiirc bclnw and back of tlie (.'Vc?*. Thv 
bead imicli narrower tlian iliv body; eyes nut conspicuous, 
u ilh a wart above eacli ; fimiud larpdy fric, n acliin^ Mb<»ut 
half way to the base of the web, wliich is about us long a« the 
body and liead eoniliincil. 

Anns longest as 1. 3. 2. 4, although possibly the second pair 
outnieasured the third pair previous to contraction; slentler, 
very tapering, and excee<lingly attenuated toward the apex 
suckers fairly large, closely placed, and in regular zigzag alter- 
nation from the base, contracting with a quadrangular outline. 

liody granulated posteriorly^ and to a less extent in the re- 
gion of the nock. Color milky, closely blotched or si)eckled 
with ochre, giving a yellowish api^earancoi and sprinkled with 
brown. 

Length of specimen about nine or ten inches. 

Tlie only form with which 1 can dosely compare this species 
is the (Hnpiis J>en)uidcnsi:< of Iloyle (rhallenger Reports, 
Zoology, XVI, |». 04, PI. II, fig, 5), which is described from a 
single young specimen, measuring, including the arms, not 
more than two and a^half or three inches. It differs from 
this form in the extremely tapering and attenuated arms, 
their relative lengths (1. 3. 2. 4 instead 1. 2. 3. 4), and hi the 
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dis|>osition of the acetabula. wliicli nro iu zigzig alUTnation 
from first almost to last ; the luxl y is ui.so in part granulated, 
ami the sipiion, instead of being attached for nearly its lull 
length, is largely free. 

I «h(»ul(l liavo hesitated, ]»orha{)s, in descriV»in^ tliisasa new 
sjacics, (lisliiict from 0. BcriiiudtitHis, and |)n fen ed su])po.sing 
that the characters indicated by Iloyle u cre not very clearly 
marked, or that they possil)ly represented only the immature 
form, hilt TToyle distinctly stati's that while his specimen is 
pnihalily itinnatiirc, tlic characters arc so well markeil as to 
safely permit of their rccoguitioii us typical of a new 8[»ecie8 
(op. cit, p. U5). 

Afljrift aqmiNa. (PI. 15, tgi. 2, 2a, 2b). 

Body broadly oval, with a moderately elongated neck ; ten- 
tacles cylindrical, slit at the extremity ; buccal lobes broad, 
infolded; mouth between fairly developed lips; aperture to 
opercular cavity on a slightly raised papilla. 

Color drab or greenish ; exterior surface with thin black an> 
nulations and irregular markings, which are few and scattered ; 
the inside of the mantle-lobes, as well as the cover to the oper- 
cular cavity, almost free of blotches. 

Shell narrowly-elongate, somewhat oblique, and calcareously 
lined ; longitudinally radiated, and transversely finely striated. 

Length of animal about four and a-balf inches. 

A single sj»ecimen, found in shallow water on the south side 
of Castle Harbor, opposite Tucker's Town. 

The nearest ally of this species is probably llic Ajdifsia 
ocillala of D'Orliigny, from the Canary Islands, or the ciHnmon 
A. dachjlovirla , from tlx- eastern Atlantic, of wliirh the foiiner 
is by sonic authors consi<lered to be only a local variety ilioche- 
Itrnne. youvl/cs Anhirfx du Mumhul, iss], p. 2*11). From 
both of these forms, apart from other characters, it ditli rs in 
the absence of tlie iieavv ocellation, and from .f. (hiih//<,in> !<i 
in lacking the purple lining on the mantle ni;ir(j;ins. From 
A. ocellata, again, it is clearly marked oil by the non-maculated 
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surface of the interior of the mantle lohee aud of the oper- 
cular covering. The shell in the Bermudian form is coni]>ara- 
tively narrower than in any other large species of Aplysia 
with which I am acquainted, and wholly different in outline 
from that of either of the two species ahove referred to. I 
have fully catisOed myself on this point through an examina- 
tion not only of the figures furnbhed by Rang and D'Orbigny 
hut of actual specimens. 

Dolison, ill a coininunication made bi^fore the Linna'aii Soc- 
iety of London (Jour. Linn. Soc, Zoology, xv, ji. 150, ct mj.^ 
1H81), identities a speeimeii of Aplifitia from the HcrniudHs 
with the A. dnctj/loiiula, 'dud dcst'rib«'s the viAov as heiii^ ' a 
rich lirah. ni.u ked all over with eircK n and .streaks of velvet 
blaek, the latter most ai«uiidant on tlir mantle <'overing the 
shell and on the lateral ftswimming lohes. The shell ajirees in 
all resj>oi;t.s with that of A. 'Utchilonida ligured hy Kan«^, 
aud the oidy diU'erenee oljserval)le is that the margins of the 
swimmin^i: lolxs are not tinged with violet. This might he 
nccounlrd for l>y stipposinij thnt siu ii a fugitive color had dis- 
i>pl»eare<l ill the akohtd, hut the eajitor does not remember to 
have seen it in the living animal." Tiiis may he the true 
A. (hnii/loifuffj or .1. orclhUa, hut it is. douhtless, distinct from 
the sju eirs ahove deseribed. I am eunlirnied in this su]»po?<i- 
tioii by the examination of a speeirneji recently eollected liy 
Pn>f. Dolley in the Hahamas, and which ha.s been plaeed in 
my hands through the kindness of Prof. Li-idy. This Haha- 
man form ha.s the massive ocellat ion and blotching distinctive 
of ^l. occiiata or A. dactijlomela, and further agrees with these 
two 8|)ccies(or varieties^ in the form of the shell. The stellate 
o|HMiing to the opercular cavity appears to be destitute of a 
papilla. This is the form, prol>ably, that Mr. Dobson received 
ill rough ^^u^geon H. \'acy Ash. 

Deshaycs (U^scribed some years ago an Aplysia, ocellated 
and of a yellowish color, from Ciuadeloupe (Joufnal de Cot}- 
chtjlUtiiHjir, 2d. ser., ii, p. 140) under the name of Aplysia 
{jithrammiif but the species is so imperfectly characterized that 
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it is almost iiiipossibK' to detcTiuiiie its exact relationships. 
Cltfemodorii nbra. (IM. \o, tig^. a, 

Animal of the form typical of the genus; head portion con- 
siderably extended and expanded in motion ; caudal portion 
moderately elongated : base flattened ; mantle beaded im« 
mediately over the tail. 

Color bright blue above, variously lined and streaked with 
light yellow; on the dorsal surface the yellow markiugs are 
disposed in longitudinal wavy or nearly straight lines, one or 
more specially prominent lines along the dorso-Iatcral border. 
Sides of animal irregularly reticulated or angulated with yel> 
low markings; under suiface pale blue, bordered with faint 
yellow. 

Rhinopbores deep indigo or black, the rhinophoral aperture 
bordered with yellow ; gills 12 or 13, black, bordered with yel- 
low, and carrying blue cilia; under surface of head blue, with 
yellow spots. 

Length, when expanded, three and.a-half inches. 

Three specimens, dredged in about ten fathoms on the north 
side of Harrington Sound. I dissected one of these and found 
that the stomach is lodged entirely within the mass of the liver. 
The alimentary canal is sharply deflected forward (dorsally) 
beyond the buccal or oesophageal tracts, and is caught up in a 
nerve ring [)roceeding from the supra-oisophageal ganglia. 

This species appears to be third or fourtli of the genus found 
in the western Atlantic. It ditlers clearly from the Cpieturata 
of Morch {C. Morchii, Beigli, Mtu. Godef., part xiv) and Cfjaitato- 
phora of Bergh, two West Indian species. In the scheme of color- 
iriir t he species appears to be nearest to DorUpxdchn'ima of Can- 
Uauie {Malacolofjic MHilcrrauecunc, p. 57, Tl. .">, li;^. (>, — 1). 
Villafraiica f of Risso), from wliicli, however, it dillers in a 
nuiiiljcr of details, such as the miriiber of gills, etc. 

Oachidiom (OnohidielU) traAi-AU»nUoam. (PI. 15, fig«. 4, 4a.) 

Body convex, smoke color or dark olive; lighter, dirty or 
greyish-green on the under surface ; pedal disk considerably 
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mora than one-third the width of base, yellowish-green ; mouth 
margin papillose, bunchy; under surface obscurely or obso- 
letely tuberculose ; dorsal surface closely verrucose, with finer 
granules interspersed between the warts. 
. Anal aperture immediately beyond the extremity of foot, 
iufra-marginal to a raised border ; rcsjiiraiory orifice between 
the aniil pore and the apex of body. 

Length about three-quarters of an indi. 

About a dozen specimens, found in a rock hollow on the 
north shore just beyond Wistowe near Flatts Village, at an 
elevation of about two feet above the water. 

This is, as fur as I am aware, the only speeies of Onchidinm 
that has thus far been reeorded from tlu- u i stmi Atlantic. Its 
occunrnee is, tiicrefore. of consideraljlc iiilcrest as beariuir 
upon tlic sul)Jeet of geugra pliieal distrilmliun. Ntarly all llie 
species of the genus are couliued to the Kurafrican and Indo- 
Pacilic wat( rs, althoutrh one species is known from Arctic 
America, one from the t'alilornia coast, and one from the west 
coast of South America (Bergh, in ^Semper's Ikusen im Archipcl 
d. PhiiljiiJitttii. Land Xfollusks, VI). 

The I5( rmudiaii s|ir( it.'s ajtpears to be most nearly related io 
0. OirpaiU ri , from (he ('alifornia coa!«t, ]>ut ditfers from it in 
color. The jtositions of the anal and respiratory apertures 
dillrr from wliat is indicated by Stearns ( I'roc, Acad. Nat. Sci. 
Piiila., IbTiS) to exist in tlie west American form, although a^ri-e- 
ing with the determinutiuub luudu by liergb fur uianifc»tly 
the same species. 

Snargfaulft AtatlfarB. PI. 17, flg. 7. 

Shell flattened, seotiform, broadened posteriorly, and with 
the opex slightly sub-central; surface with radiating ribs, 
which alternate in size — sometimes two smaller ones between 

each {>air of hirger ribs — and project (the larger ones) prom- 
inently beyond (he general nnirgin. The impressed concentric 
lines give to the ribs a knobbed appearance. Fissure fairly 
long, narrow. 

Length nearly .25 inch.; height .1 inch. 
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Sholl t'levatcd, with the rorni ot" a l*hi-v<;iaii * ai>; ajicx hirgc'ly 
posterior, well bcakcMl ; radiating lint s alt* rnatt*, dcoply im- 
j)ros^((l by tlie concentric hnes of jirowtlj, and npjnaring 
kaoi.hed. Fissure innderately lon;j:, [laraliel-.sided, and oc- 
cupying^ the position ot" one of the iai'^^i-r rilvs. 

Length slightly exceeding a quarter ol an inch; height .2 inch. 
fkMum ttniM. PI. 17, ag. 6. 

SJiell arcuate, gradually increasing in size anteriorly, where 
it is somewhat swollen ; surface longitudinally costated, the 
costcB appearing sHghtly rugose near the swollen hase through 
the passing of the lines of growth. Mucro distinct, well 
excentric. 

Color of shell yellowish ; surlace glossy. 
Length, ahout .1 inch. 

This form ap|)ears to he fairly al»iindaut. It mny he readily 
distin«;uislit'(l from niu>i of the otlur longitudinal costated 
s})icies by ihv very nearly e(jual diameter of the 8hell,w]iich is 
only slightly swollen hasally. 

duMU BMrtt«itBiii. Pi. 17, flg. l. 

Shell thick, ponderous, sub-conliform ; the right valve con- 
siderably smaller than the left, but yet thicker and dee])er 
tlian in most Chamas ; beak of left valve prominent, spirally 
incurved ; ligamental furrow in left valve deep, arciform ; den- 
tal sulcus broad, moderately deep, and supported inferiorly by 
a prominent plate tooth. 

Muscular impressions elongated, not deep. External sur^ 
face roughly corrugated by the lines of growth. 

Height of shell (left valve), mea.sured to the top of brak, 
about three inches; length, jueasuretl alontj; the antero-pos- 
terior axis, 2.M inches: thickness of single valve 1.2-1.5 inch. 

l>re(Jged in lar^c (|iiaiitities in Harrington iSound. 
XMoma eborea. Pi. 17, tig. 2. 

Shell moderately inequilateral, truncated in the lower half; 
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posterior flattened. Right valve with widely diverging car- 
dinal teeth, the space between which receives the double-tooth 
(grooved medially ) of the left valve; lateral teeth in right 
valve. 

Pallial sinus large, extending more than half across the 
shell; external surface (white) concentrically and delicately 
lined by the lines of growth. 

Lengtli of shell three-quarters of an inch; height, two- 
tliirds of an inch. 
Mysia peUaoida. IM. 17. fig. 3. 

Shell thin, convex, ovally orbicular; the umbones mod- 
erately prominent; no lunule; hinge-lini' liiHnr, n sin^^le 
medially-grooved cardinal tooth in the left valve (reseiubling 

Felania). 

Adductor impressions oval, not much elongated. 8bell 
white, nearly smooth. 

Length of single specimen somewhat over a half-inch; 
height the same. 
OytlMTCft fMdtto&l, Pl.i7,fg.4. 

Shell sub-trigonal, the beaks proniint'iit ly elevated ; lunule 
cnrdiform ; the dental characters noniially those of the genus, 
uiiterior lateral tooth (k'lt valve) triiiiigular, lamellar. 

Margin of shell even ; }>alliiil sinus broad, directed upwanis, 
and not quite reaching the centre of the shell. Lines of growth 
closely set, and even. Shell covered with a chestnut epidermis ; 
interior purplish. 

Length, .0 inch ; heiglit, ..') inch. 

Tt gives me plciu>ure to name this delicate, and abundantly 
rejn-esen.ted, Cvthorca after niy friend Mis8. A. Peniston, of 
reiiiston s, from wliom I havereeeived much valuable assistance 
in the preparation of my material illustrating the i^ermudiau 
fauna. 
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ov TBI nuoon uurs kolluiu of BmnrBA. 

BY 

H. A. PZLSBRY. 

Through the courtesy of Profeasor An^clu Heilprin I have 
lieen enabled to study the Bermudiau land shells collected by 
the party conduct<Ml by liiin <Iuriii^ the j)ast summer. Among 
them were exaiiii>les of all the hetieoid si^eies wliicli have 
been repurted by previous observers from the island, some con- 
taining the living animal. 'I1ie species, with the excejtiion of 
a number of artificially iutrodueed European shells, are 
mositlv forms well known from various \\'est huJian localities, 
Huch as ll» Jij- vrrtohis var. mirrodoida n«'sli., //. coifcr Pfr. and 
others; l)Ut besides these, there are a number of shells jK'euliar 
to Bernuida, and these last have furuislied material for the 
followinji; notes. 

The helieoid species eoiilined to Bermuda are as follows: ]f. 
iiri iniitff nsiH Pfr., If. Ncfsmri Bid., //. lUiiiuina Tfr., //. clrnnn- 
JiriiKita liedf, JI. dmrtjKHi>f Pfr. As h» the systematic position 
of these forms there lias been considerable ditt'erence of opinion 
auiong authors; the first. If. Hnmndnim's. ha** Ix i u placed in 
Caracolm by Von Mtirfens. in Ili/dliita by Cle.^sin, in Z^mitcH by 
Bland : IT. IMniatKi has been considered a rnlnUi by Pfeitfer, 
('lessin, Tr3'on and Fischer; and U. cirmmjirinata and dift- 
crepaiis have been placed in Microjdiym by Von ^hlrtclls and 
Binney, in Jlyalonagda by Clessin, Tryon and others. 

Thus it will be seen that these s|>ecies have been distributed 
into several genera id two <listinet fiunilies. Upon examining 
tlie soft parts, however, I find that all have essentially the 
same organization and without doubt belong to the same 
genus. 

Dr. O. Boettger proi>osed in 1S84, for the lower Miocene 
f<ifi8il Helix imbricala Braun, and the //. Bemiudcns^is Pfr., the 
name of Pfpctlozonites. He gavd no diagnosis of the new 
group, but assigned it a position betwen the typical Palsearctic 
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Zonites and tho American groups ZonyaUiw and Murddia, a posi- • 
tion which tho anatomical characters prove to be erroneouav* 

By error, the genus was quoted " Poecilozonites Sandberffer " 
in the Zoological Record for 1884, and this error was repeated 
by TryonV who gives tlie first diagnosis of the group published, 
with H, Bermttdenms as the iy\ye and only species. We may 
then consider the //. Bermtidensis Pfr. the type species of the 
genus. Whether the XT imlrieaia Braun be associated with 
the Bi^rmudian shells or not is a point still to be settled. The 
superficial resemblance is marked ; but, as the history of the 
species of PaxiUxcmUes teaches us, "systematizing" helicoid 
land niollusics by the shells alone is the merest giiess-work. 

The fact that the fossil species wliich Dr. Boeitgt r proposes 
to unite with the Bermudian form is from tlic Lower Miocene 
formation of Uermany, is in itself no great objection to the 
view that IIk v are congeneric ; for no fact is better established 

1 « » « Endlidi s«i nocli einer nnhen Verwandtcn dcr Iloch^mer untcr- 
tnitK.1i>er //c//r inihru iiln Al. Rraun ^cilachl, «lic Sandl)erger bckannttich iw Trorhi'- 
morpha {Distus) ye»>tclU liat. Icli Rche die Aehnliclikeit zu; alier zur Sectiuii 
Videna 11. u A. Adams, Discus Alb., muchte icIi die betrefiende ib!%U« Art mir 
ungern sl«Ucn, da alle mir bekannten lebendeo Arten diewr Grnppe zum miodester 
elner ▼erdichtcr l>asalran<I, der ofl rcclu eiheblich Hilix ;ini^ umgfschla{;en ist (wie 
t. H Iwi 7r. Merz 'i,nin I'fr.) bcsiizcn. Viel nJlhtr liegl daliei wohl der vcrgleich <Jcr 
Ifellx imbriatliimW. dcr clwa.s kleineren, mit ?wfi brauncn H.imlem !^P7tpfl?n Hvalinia 
Jirrmiidensii I'fr. von dtn Bermudas, dercn Ucbcrcinstimmuag in alien wesentlichen 
Chaiakteren lici direct«in Veiglcich aofort in die Augen springea dOiike. Frcilich 
kommen wir bier fast von dem Recen in die Traufe. da die systematisdie Slcllung 
die^er lelienden Art nnch in ludien Grad unsicbcr ist, was ihr Alitor dttrcll cin 

vor^csct/ps •?' whr richlif^ «icll»l schon angedcutet hat. Bei Hyalinia kann sie 
unmu^lich blciben. Da sie mcincr Aii&ichl nach auch nicht in die indischc. indo- 
nialayiache and polynesiwhe gatlung Trockowiorfha [)a.s$t, so dQrfte eine eigcoe 
Grappe fur H/ai Bermmitmm and IMix imM<ata xu errichten sein, filr weicbe 
ich don Namen PoecitozonUes vorschln<;e. und die ich am Hebnten zwi^ichen die Schten 
p ilJlrtrktiKchcn Zonitts iiml die Iropisch-amcrikanischen (Intppcn AloreUtia un«l 
Zonyaiina vorlSufig uls Section in der Gallung Zonilrs Monlf. eiuieihen mochte, his 
ilie Analomic dcr lebendcn Art eine mehr gesichcrle StcUung in System an die Hand 
geben wird/* O. Boet^r id Hetut yaMufk fur Miiuratagi«t Gfotegi* w. Paiatom- 
t^ogh^ 1884« ii B(K, s. 189. 

> Maiiital of Coocboloey» lid. series, iii, p. 19t 9&. 
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in inalaco-geo^^rapliy lliun tlie close affinity exist lu'twt^en 
the European Tertiary lan<l Mollusc:a and tliose now inlialniing 
the West Tudics.' To explain tins relationsliip existiii<r be- 
tween two regions se}»arate<l by thr \vliole expanse of the 
Atlantic various theoriejj have \nvii oliered. One of tlie most 
plausible is iliat which briil^^es the Atlantic by an ancient 
(Eocene, early and Middle Miocene) continent — an Atlniitiii^ 
This view has been advocated by the weli-kuuwu conchuiu- 
gist Dr. W. Kobelt' and by others. 

But although this theory explains many anomalies in the 
distribution of mollusks, i must freely confess that the objec- 
tions to it seem to me almost insurmountable. The recent 
work of the Challenger, Blake, and other deep-sea explora- 
tions^ all tend to confirm the view held by Uuyot, Dana, 
AgasBts and others, that the great oceanic basins, practically 
as they exist to-day, are of great antiquity, and render the 
existence of a former Atlantic continent with any considerable 
Western extension, highly improbable. 

A view more in accordance with the facts with which we 
are at present acquainted seems to me to be the following : It 
is a well ascertained truth that until towards the close of the 
Miocene, laige portions of Northern Africa as well as Europe 
were submerged ; and it appears probable that the westward 
flowing equatorial current of the Indian Ocean extended across 
northern Africa, and united with the Atlantic northern equa* 
tonal current, which now flows westward from northern 
Africa throi]gli> the Antilles into the Gulf of Mexico. This 
currant would afibfd a meatis of transport not only for Uie 
free swimming embryos of marine inollusks (and thoro are not 

• This affinity, although <iniibtles«! very great, has been considerat>ly exaggpraled. 
There is, for instance, no warrant ior ruk-rring European Tertiary species to the ex- 
clwivcly New World gcnem PUuroterm^ Amtm/nm, Thhioma, Metodomt Cttrinijex, 
JMM/i«, and otlien. Them teent lo have been no infuson of Euiopean Teitiarjr 
types into the North AmeiiCMi snail fanna east of Ibe CalilSmiian r^ion. Tbi* buna 
is ttuly autochthonous. 

> NoihrkktiHatt d. demtsckm Maiak. CeteU., 1887, p. 147 
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a few foriiib hvili of gusti'rojn>ds nml pdoeyinxls comuiun to 
the Mediteminoan and Gulf Piovhk ( s), but also, through the 
apfency uf iioatiii^ materials, trtcs, etc., swept from rivers, 
land mollusks may liave bem liansported acroas the Atlantic, 
just 03 they have been carried by the Gulf Stream from the 
West Indies to tha outlying kland of Bermuda^' a distanoa of 
over 700 miles. , , ? ; ' . 

A further dfiyelopmcut of the samQ idea explains oertain 
'pcculiarties in the distribution ofuspecies- oommon to ika 
Pacific and the Gulf of Mi xico. The ])rcsence of Miocene and 
PHocenq deposits render it certain tliat these was communida- 
tiou between, the Gulf and the Pacific across the Isthmus of 
IVtnama as late as the Fliocena And a portion of the equa- 
torial current probably swept directly through to tlie Padfie 
Ttius it is Ukely that those forms common to both sides of the 
isthmus, will prove to be^of Atlantic origiiip and to have been 
distributed westward. 

The indigenous Bermudian mollusk-fauna, marine, as well as 
torrrcstrial, has undoubtedly been derived wholly* from the 
We^t Indies. . And since the island is typically oceanic, '* a 
solitary peak rising abruptly from a base only 120 miles in 
diameter," surrounded on all sides by between 2500 and 3(KK) * . 
fathoms depth, we have an idicatiun liere that lan<f mollusks 
ol many families, HeUcidUs, Zonitultt, kiavcinhlx, Pujiidit, IhU- 
cinifUE, even Vdgimdidx (for a large undescribod species of 
ViKjimdm exists upon tlie island), may be transported tax out 
to sea, and, in all in'obability, by the aijencie*^ miMitioncd abuve. 

The con8itlen\l»lo divergence exi:-iiu«^f bctwi'en the various 
species of tlie zonitoid p'nns ])e('uliar to Borinuda, VocciJ- 
ozonU's, indicates that the island is of considerable antiquity. 

Wc may define the genus as follows: 

' See Darwin, Origin of Spedrs, 6lh ed., p. 358. Ako a pa}>er by Mr. C T. 
Simpson, On the Ditfribntioo of Land and Fresh-water Shells in the Tfopics, Coiidi. 
Ex. ii. p. 87, 60. ' 

' See on this point the chapter on the "Relationship of the Bermiidian Fauna/' 
p. 88. A, H. 
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P<ECIL020HITE8. ■ 

Generic character^ : Shell helicoid, subtrbchiform, depressed 
conic, or subdiscoidtil, perforate or arobilicate, obliqaely striate, 
bi^namenled witb' radiating zigzag flammalee or spiral bands 
el chestnut color on a lighter ground ; whorls numerous (7-10)^ 
Very sloidy widening; body-whorl more or less flattened or 
compressed below '{he usually carinate periphery, not descend- 
ing anteriorly ; aperture more or less irregularly lunate; peris- 
tome simple, the columellar 'mai^n sliglitly expanded and 
thickened with a white callus which encircles the pillar within. 
Auiinal similar in (onn to Hiiix ; foot narrow, short posteriorly, 
snircoly reaching bohiiui the slicll, and without luiigiiuihnal 
fuiKiWs al)ovo its margin or caudal nnicous pore ; orihcu of geni- 
talia <»n the ri«j:ht side of neck, near to, but not under, the mantle; 
mantle margin simple; ja\s like that of Jjimax, very thin, 
arcuate, with n broad blunt median projection anteriorly; 
radula with tricuspid central teeth having quadrate basal 
plates, the central cusps projeetiii^r beyond the anterior mar- 
gins of the basal })lates, the side cusps rather short, with well 
reflexed cutting points ; lateral teetii similar Init asymmetrical, 
lacking the inner cusps; marginal teeth aculeate, with simple 
thorn-shnped cusps and oval basal plates. 

It will be seen by the above, detinition that the genus cannot 
be included in any of the groups with which its species have 
been associated by authors; the zonitoid dentition at once re- 
moves it from the ffdicidee, and the absence of a caudal 
mucous pore, the more anterior position of tlie orifice of the 
genitalia and the coloration of the shell, separate it from 
ZmvUes and its subgenera. 

The relationship of the species of IhmtoztmUes to one an- 
other is shown by the simil^ty of the radula: and jaws, and 
of the external characters of the animal; in the shells, 
which at first glance, seem to be a heterogenous assemblage, by 
the callus which coats the columella, the compression of the 
whorl below the periphery, and especially by the color-putter u, 
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which is the same in all the species, consisting of /.igmg flam- 
mules radiating from the sutures. In P. Bermndmsk the 
flammules coalesce into continuous bands above and below 
the periphery 'in the adult ; but an examination of young 
spi'cinuns reveals the same pattern that is {ouml in P. drcum- 
Jiriiiota. P. llmniaua^ etc. The inti i lial spiral lamella uf /*. nr- 
cufnjirnuila would incline one at liist to separate it from the 
other species; but it is scarcely of pjeiieric importa»ice, in 
view of tlie fact that in all other characters Uie species is very 
similar to P. BfTntwicnmA, etc. 

The follo\s ing analysis hIiows the inter-relations of the 
various spe< les : 
• A. Base oi shell with a revolving lamina within. 

drcumJirmatiiSf di^njMin^. 

B. Base of shell witliout lamina. 

a. Aperture round (1 below; umbilicus wide Reinianut, 

b. Aperture anguiate below ; umbilicus narrow 

BermxideiisUf Ndami, 

VMllMSiitti BtmttdMuii. Pfr. (PL 1«k flgi. s. c.) 

The typical species is a form of about twenty*five mm. 
diameter, solid, coarsely irregularly striate and acutely car- 
inate at Uie periphery ; a broad chestnut band usually encircles 
the shell above the periphery, and another below it, but these 
are sometimee absent; the inner whorls of the spire usually 
retain traces of the original eolor-pattem of radiating flames, 
and the base in young examples is radiate ly streaked (PI. 16, 
tig. k). The base is convex, and not indented around the nar- 
row and deep umhilicus, but is angulated at its margin ; the 
parietal wall is generally covered by a shining white layer, 
with which the interior of the shell is lined. Reeve, Tryon 
and other authors have figured the shell of tliis species. 

The jaw is like that of P. cvrmmjirmaiws. 

The radula (PI. 10, fig. c) is rather long. The central teeth 
have basal plates almost as broad as lon«x, the median cusps 
projecting below their lower margins, with well-developed 
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cutting poiu(8 ; the side cusps short, attaining about the mid- 
dle of the basal plate, and directed outward ; the lateral teeth 
are similar, but lack inner cusps; they are about eight in 
number, and are followed by about four transition teeth ; the 
marginals number about fifty on either side, their cusps 
become more slender toward the outer edge, and the basal 
plates shorter. A central tooth, with five adjacent lateral teeth, 
and a group of transition teeth, with a true marginal tooth, are 
shown in the figure. 

Hdix albetia of Chemnitz (not of Linnac^us) and H* ochro- 
k/uea of Pfeifier (not Ferussac) are, I believe, synonymous with 
this species. The former is placed in EwTfcnttera in Pfeifl^r's 
NomendaUfT, and the latter has been compared to Poeluj»tyla 
rufozonata, a form somewhat similar in characters of the shell, 
but belonjring, of course, to a distinct group. 

PoeoilozouiUa Kelioai, lilAml. (PI. Irt. ftf^n. j, k, v.) 

A fossil form, differing from Iki-mudends in its much greater 
size, the greater number of whorls, more convex base, coarser 
slriation, impressed sutures, and especially in the peculiarly 
prominent dome-shaped upi>er whorls. These are, indeed, so 
closely coiled as to rc^semble a specimen of P. drcumfirmatus. 
The coloration, imperfectly shown in several specimens before 
me, is that of Bermudenm»; and whilst its affinities are with 
the latter species, I regard it as a divergent branch, rather than 
as an ancestor of that form. 

As has been observed in other cases of species approaching 
extinction, and probably subject to some decided and unfavor- 
able changes of environment (in this case, perhaps, due to the 
comparatively recent subsidence and partial submergence of 
the island*), the shell exhibits great mutations and distortions 
of form ; sometimes the spire is elevated conical, sometimes 
much depressed ; frequently the planes of the upper and lower 
volutions are not parallel, and the spire is consequently canted 

* Sec CtwUcnger Keport, Narrative, vol. i, p. 138. 
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lo one side. The specius is reii^arkubly large, solid und roughly 

sculptund for a iiouitoid. 

Poeoilosonites BeinuuiiUi Pfc '(PL L6,.£g. I.) 

This heretofore unfigurcd spiecies is disi'oidal in forin, widely 
umbilicaU} ; the umbilicus about oue-third the diameter of the 
base, and exhibiting all the whorl&;'the api<»l Whorl is smooth 
and whitish ; the following' whorls are quite convex, with deep 
sutures, brbwnish, very prettily zigsagly 'flammu!ate with 
chestnut color, like many of the species oC'Faiida. The body- 
whorl in adult examples \s rounded ; the base concave around 
the umbilicus, and the general atf^iect that of ' Paihda, 
Thejawislikethatof P.dtreumjSrmitftw. ' " ' 

The radula (PL 16, fig', n) is similar to that of P. BermudmtU 
except in the following points : the cusps are larger, with much 
more widely reflexed cutting points ; the perfect lateral teeth 
are seven on either side; the change to marginals is quite 
abrupt, as there are but two re^ transition ite^th ; ttie mar- 
ginals number about sipe^ jon each , side, the inner six or 
seyen of about equal size, the outer on^s rapidly, decreasing 
toward the edge. The . basal plat^ are longer than in the 
o|.her species. A central tooth with two a^jft^nt laterals and 
on© marginal are shown in the figure. 

Foeoilozonitei Beinianua iTr. var. Qoodei ril.Hbi^. ■ • 

This form is similar in coloration and texture to P. Reimanm. 
It is more broadly umbilicated, platiorboid, the spire iiat^ or 
even sub-immertied ; whorls sixw 

Alt 3,diam. 10 mill. • 

Among the Bermudian shells sent to Prof. Heilprin from the 
U. S. Nat. Mus. wer(> n number of tliis variety, which iseems'to 
me distinct enough for a nann-. The tj^iea of the variety ate 
No. U 4,424 of the Nationtil Museum register, collected by 6. 
Brown Goode. 

PcMUdiOBitM BMOMdtttsIt Pf^. 

The result of my dissection of this species was a surprise to 
nie, for I had expected the4>uiiie form of genitalia as is found 
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in ZonUe$, -The penis is ratber .shorty convoluted, tliick, the vas 
deferens inaertecl at its tenni nation, is rather short. The 
cloaca lis large, wide; below the penis there is along club- 
shaped sac, its base dilated where it enters the cicaca. Tliis 
is'proably a dart^ck, aithough the specimens examined by 
me contained m dart On the penis near its hase arises a 
dact» which uniting with another arising opposite the peois^ is 
continued into* a long duel coiled around tlie vaginaj and ends 
in a small oval bulb, the receptaculum seniinis or spermatheca. 
The 'adbumen gland, etc, offer no unusual charactera. ' I did 
not dissect out 'the ovo^testis. My specimens were quite hard, 
having been in 8tn»ig spirit. ; i . .. 

The connection of the duct of the spermatheca with ihepeni6 
is unique, so far as I know, in tbePulmonata,and suggests the 
probability of self-impregniition. * 

Mr. W. G. Binncy lias kindly called my attention to his note 
upon till' dentition and jaw of JI. Bcrmudenms and tlic denti- 
tion of J I. rircuviJirnuUa in the Ann. N. Y. Acad. Sci., iii, p. 
8f), 105. Tlie tirst species is placed by him with doubt in 
Zoiiitin wii]] the remark f!mt " it seems to belong to no de- 
scribcil genus." H, nn iriKjirniaki i.s lelt in Ml('ropliym,ior w&ni 
of a better place, but Mr. Binney points out tlic fact that tlie 
species l^loug^ to the VUriiiea rather timu to tl^e JIdicea*,, 
Tm MM M^Vim •IxwiaflnMtu Redfl^M (PI. la, llg. r). , 

A lorm with much the appearance of IfyUotoffdaf a group 
with which it has been classed by some authets^ It is a deli- 
cate, subtranslucenty yellowish4>rowo shell, marked witlrbrown 
streaks, spots and flammules.; the.whorls are separated by mod- 
erately impressed sutures; the apex is like that of P, Beifniainug; 
the last whorl is more or less an^ulato around the periphery, 
rather flattened below the Jingle, then convex, indented around 
the narrow, dwply perforating umbilicu.s ; there is a white cal- 
careous deposit around the columella, in.side, as in the other 
species, and an acute white lamella which revolves within the 
base near to tlic pefipher^, a character which none of the pre- 
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ceiling species possciss. The variation in form is very great — 
8jKK!imen8 more elevated than my figure i l)eing not iiifroquent, 
and tl lose are connected by examples more and more deprcj<se<l 
(fiir. g) with tlio flattened lenticuhir form called by Pfeitrer //. 
ilisrrfjxin^. Tliis extremely {U'j)resscd variety, now figured f(»r 
the Hrst time (1*1. IG, fig. n.), cannot be cotisidered specilicuily 
distinct from the I', circumjirmatm. 

Jaw (PI. U», fig. b) transparent, \ery thin, arcuate, with bluut 
extremities and a wide obtuse median projection below. 

Radula (PI. 16, fig. a) as described lur P. Bcrmudaisiii, l»ut 
with only seven laterals, two or three trimsition teeth, and 
about twenty-eight marginals. The marginals have longer 
basal plates than in I\ IkrmudmsU^ 

Bilix (Mtmpliyw) kjf«S«fta Shattteiniftli. 

Of this minute form no diagnoses or figures have been pub- 
lished, although the name has been upon the lists for many 
years. The shell was apparently unknown to Pfeifier except 
by the remarks of Shuttleworth, who says under his diagnceis 
of if. miniucula Binn.: ''Altera spedes proxima, sed testa 
aperte urobilicata, et anfr. ultimo basi devio distincta, in insula 
Bermuda occnrrit, cujus specimina plurima ab am. Bland ac- 
cepi, atque H. hypolepUi nominavi." 

The shell is minute, diseoidal, whitish, subtranslncent and 
shining, with wrinkles of increment above, nearly smooth be- 
neath. The four whorls are very convex, quite gradually 
widening, the last one with the periphery above its middle, 
the hiwer lateral surfaces sloping somewhat as in IL vorUx Pfr. 
The a])erture is small, not very oblique, oval. The lip is acute, 
upper and ba.sal mar^in^ (iuilc aieuute, the baso-cnlumellar 
margin slightly expanded. The umbilicus is broad, more than 
one-third the diameter of the shell. 

Alt. 1, diam. 2^ mill. 

It is evidently allied to H. (Aiicniplnjm) mrtcx Pfr., but is 
niiK li smaller, flatter, with broader umbilicus. I need not 
comp in' ZonUes 'mi}tme\dn9Vt\{h thi.s bhell; a glauce at the jig»- 
ures Will bhow at once the dili'erence. 
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Helii hijpoUpta. Rliuttlewortli, Diagnosen neuer Mollusken, 
no. (1, from the Bern. MittlKil., Murcli, 1854, p. Vli). 

The group Mim^hym, in which I have placed this shell, haa 
been a stumbling block to most of the authors who have rec- 
ognized it It consists of small , umbilicatedf thin, hyaline 
shells, with sharp lip to the lunar-oval aperture, convex whorls 
and imprensed sutures. There is little in all this to separate it 
from certain forms of Zomtes (Z. minutcidua, for exaiii|)lc). 
But the ZoniiM have narrow aculeate marginal teeth to the 
radula, while these shells, typified by H. BooHdana Pfr, bave 
the dentition of Faiula. The marginal teeth are low and wide, 
with several denticles. 
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NOTES ON HIE KEt'ENT LTTEUATUiiE OF GOEiU,. 

iimm . ..... . 

W. J. L. WhAJton. " Corel FormHti<.n«." Nature^ Feb. 2:i, 1SS8. 

Tlio author cites a uumber of subiner^red atoIMike banks in 
the Chiim Sea, depressed to de[)th8 of 8(MiO fathoms, on the 
rims of whicli the corals are still in active growth. Of such 
are the Ti/.ard Bank (with a K'n<;th of 32 nautical miles, and 
a depth of water over the rim of 4-10 fathoms, and in the cen- 
tre of 30-47 fathoms), the Prince Consort Shoal, and the 
great Macclesfield Bank, the last, 70 miles in length, and 
covered, in its deepest part, with sixty fathoms of water. These 
are given as evidences of banks that are being built up through 
coral-growth, and which are ultimately supposed to reach the 
surface. But the author gives no evidence to show that these 
banks are not in reality banks of subsidence, drowned atolls, 
similar to what Mr. Darwin considered the Chagoe Banks to 
be. The fact that corals are still growing on the rim in the 
one case and not in the other, does not alfect the question. 

Gapt Wharton disputes Mr. Murray's conclusion that the 
great depth of atoll lagoons can be formed through simple 
aqueous solution, and observes: ''but the fact that for lai^ge 
areas it [the surface of the reef] remains awash, and must 
liave so remained for ages, seems to me to point tothesupposi* 
tion that the removal of matter is too insignificant to account 
for the formation of deep lagoon channels in this manner, 
though doubtless it may ex[)lain the shallow pools and creeks 

found in all fringing reefs.'* 

J. Mnrraj. "Corel FormaHons." Nature. Mch. 1, 1888. 

A purely theoretical answer to the objections contained in 
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the ]>a|>or of dipt. W'iiat luin !iotico<l a!»ov(', relative to the 
roi iuatiuii of deep lagoons tlm>ugh sulutioii. No I'lu-tw bearing 
oil the subject are given. 

0. C. Bourse. " ConU ForinAtiuM." Nsturv, Mch. 1, m». 

The autbor coincides wiili the views of Capt. Whaiioii as (o 
the inefEcacy of solution in producing deep lagoons. ''It has 
seemed to me, as it has to him, that the solution of dead coral 
rock in the interior of a reef does not sufficiently aoeount for 
the formation' of lagoons, and that the true cause of the atoll 
and barrier lagoons surrounded either by a reef which is 
awash, or hy a i^trip of low land, lies in the peculiarly favor- 
able conditions for coral growth present on the steep external 
slopes of the reef" The favorable conditions are supposed to 
be due U) the ac tion of currents on coral growths [not a better 
food -supply], eiirrnits of moderate strength " uut so strong as 
to dash them [tin < ui alsj to pieces, but strong enough to prL- 
vent deposition of sand. Such conditions are found every- 
where on the externnl sioprs;' where the "main part of Ihe 
current Hows tanpfenl iallv an>und thr obstruction," adds 1o 
"greatest ad vantage around the jxiiplK ly of a reef, ' and forms 
a ring-siiapcd n i f : " no theory of solution i%i required to explain 
the central dcpresbiou," 

Mr. Bourne, as a non-believer in the tlieories of solution and 
subsidence, fails, however, to explain how the ring-form was 
constructed below the ssone of coral-growth ; the extension of 
the lagoon far below this line remains unaccounted for. 

X. Inrlm. "Conl Fomkiioiw.'* Katutv. Hob. 15, 1S88. 

An attempt to determine tlic rate of solution of lime-ear- 
bi)nate in tlie sea. From ex{Kriments miide on the genus 
T'orites (coral), using sca-water will) a speei Re gravity o(\M2^>'i, 
and a t«mj»erature of fnun 70° F. to .s<> ., tlie author arrives 
at the conclusion that "(had or rotten coral exposed to sea- 
water under these circumstances is soluble to the extent of ') to 
20 ounces per ton." For further computation the author as- 
sumes a reef with a lagoon already formed, half a mile in 
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diameter. "Tiiia will give an area of alx>ut 000,(K)0 square 
yards, and supposing the water to bo 3 feet deep and only one- 
sixth pari of this to be in actual contact with the dead coral, 
we have 10(),(KK) tons exertuig its solvent action. This would 
give, wore the sixth part of the lagoon water to be expelled 
and replaced with fresh sea-water at each tide, and taking the 
solvent action at only 10 ounces to each ton, an amount of car- 
bonate of lime removed equal to about 3()(K} tons each year." 

Mr. Irvine curiously asserts that while he does "not insist 
that such an amount of carbonate of lime muti year by year 
be removed from the lagoon/' he yet thinks that the "experi- 
ments show that the carbonate of lime so removed may easily 
exceed any additions to the lagoon by secretions of animals 
living in it, or by coral sand carried into it by wind and waves 
from the outer edge in the same space of time, and therefore 
I think the balance of evidence is in favor of Mr. Murray's ex- 
planation of lagoon formation.'* 

But Mr. Irvine does not inform us on what grounds he as- 
sumes that this internal waste may exceed accumulation or 
accretion by growth. The urgunient is of that nature which 
assumes that a "large" figure can accomplish anything, or 
cover a multitude of omissions* The removal of 3000 tons of 
material annually from a comparatively small basin appears 
like a large amount, but when this quantity is closely sera- 
tinize<l its vastness largely disap|>ears. A ton of limestone, 
allowing a wi ight of 150 pounds to a cubic foot, is the equiv- 
alent in a general way of 15 cubic feet; 3000 tons will there- 
fore represent 45,000 cubic feet of material. This amount dis- 
t rihiited uvor an ai ia of 5.400,000 square feet (fJOO.OOO yards, as 
assumed hy Mr. Irvine) would cover it to a depLli uf the t'o of 
ii I'uut, or the iV ol an inch. In utlicr words, this incii rep- 
resents the annual waste accitrdin^ to Irvine; it is the equiv- 
ah^nts of a cubical l»Iock of rock of 30 feel dimen.sions. Wliether 
this amount is sutlicicnt to satisfy the demands of the " solution- 
ists " or not, I am not in a j)osition to sny ; but trom my observa- 
tions of tlie waste of tlie Bermuda-lagov>u shores, and the organic 



Digitized by Google 



CX)RAL KEEFS. APPENDIX, 



205 



accumulation taking place over the floor of the lagoon, I am 
I)Ositivi' that it docs not hy a Ion;; way meet the t-ase of tlicso 
islands. The height of the shores in the lierunKhi.^, doubtless, 
permits of vastly excessive destruction, and the conditions, 
[>ossibly, ran not be absolutely coin])ar( d with what we hnd in 
other coral islandb. Nevertheless, i am inchnrd to believe 
that the organic accunuihition (sen-urchins, shells, corals, Kor- 
aminifera) alone over the floor (►f the lagoons fully rovers the 
fiuantity denian(K'd in the cornjmtation. liourne and Wliarton 
are likewise of the opinion that the amount of accumulation is 
in excess of that of solution ; the observations of these investi- 
gators were made on low-land reefs, in which the special con- 
ditions of the Bermudas were wanting. 

J.e.lMi. «OMml F4MmMti«aik'* NftUm, M«li. 16» IMS. ' 

Also an attempt to determine the solubility of calcium car- 
tionate in sea-water. Mr. Ross finds that a specimen of Onilina 
varicom^ one of the hard W est Indian corals, measuring about 
8 square inches ot sui face (with a weight of l(> I]ir»4 grammes) 
lost by solution in 20 days OII74.S gramme; and, similarly, a 
specimen of the porous Mmlrepom atahrosa^ from the Feejee 
Islands, witli a surface of 10 square inches, and a weight of 
21'8540 grammes, lost in n |»eri(>d of IM) days n ] 11)7 gramme. 
From a eireuhir lagoon, four miles m diameter (or with a super- 
ficial area of some 12] miles), it is conrlu'lcd that at tliis 
rate of solution there would be removed within a year 8472 
tons. This if evenly distributed "would give a thickness of 
half an inch covering the whole area of the lagoon." 

T. Mellard Reade has pointed out the error in this calcuUt' 
tion (Nature, ApL 5, 18H8), which assumes for the quantity of 
lime-carbonate removed by solution 125 times that which is 
carried by the proposition. In other words, the removal of 
8472 tons from the floor of the lagoon in question would only 
increase its depth (per annum) by the il« inch instead of one- 
half inch. At this rate, as Mr. Reade points out, it would re- 
quire u [teriod of a million years to hollow out a lagoon of 60 
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fathoms depth. There are p robably ius. geologist who will 
permit such a long period for the formation of fBirr nriMnnrj 
structure in a ooral-Teef. And if the lagoon itself is so ancient, 
how old must be the structare in which it is implanted? I 
have discussed this subject on pp. 67-59, and have, I believed, 
demonstrated that according to the determinations of the 
quantity of organic and inorganic lime<8edimeut contained in 
sea-water it would require a period of 100,000 years to build 
up the 'thickness of a single foot from the oceanic abyss. In 
shallow water, on the contrary, the process of construction may 
be a very rapid one. 

H. B. OvVff . " Coral PonBatiow." Katiirt, Mdi. 15, 188S. 

The autlior tlcfiiK-s tlio C(tn(liti<iii8 governing the foiui and 
the lifi' cf rt'cfs as t'(»llo\vs: "On the outer side of a reef we 
have llie directing intliuiu c of the currents, tlie iiu reascil food- 
su{»ply, the netion of the breaikers, etc. In the interior of a 
reef we have tlie re|»ressive iiifluenee of sand and sediment, 
tlie boring of tlu- numerous organisms tliat find a honx' on 
each com] bloek, the solvent ageney of the earlxtnic-aeid in 
the sea-water, and tidal sttuir. Tlusean-all real agenci<.'s. 
and we only diller as to the relative iniportiince we attach to 
» irli No new faets bearing on these points arr given. 
0. C. B«UAt. "The AtoH of DiMo Qmrri% ami the Vo€id Fonii«liiMu o( tb« Indian 

A description of the soutia i nmost atoll of the Chagos (Jroup, 
with cimsideratit)ns bearing on the structure of the other reefs 
and coral islands of the Indian Ocean. The main fact^; con- 
tained in this paper, as well as those containe<l in the more 
elaborate article publislicd by the same author in the Proc. 
Roval Soc., XlJIl, hSvSS, arc discu---i<l ui the bodv <>f this 
work. Mr. Hourne linds eviilence of an elevation of some 4 
feet in the l>iego ( larcia reef, an<l hence eonchnles that the 
fact prei-ludes "the idea of any subsidence l»eing in )»rogress, 
as Mr. l>arwin faneiid t(» be tlie case in the Keeinig aioll." 
The raisetl ainll< — "atolls whos^e diy hnid just rises above the 
waves and submerged banki$ " — of the coral formations north 
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of Mftdagaaear Are, eoosiJerod to. be proof that aioUs are 
focaaed in areas of elevatian, and if the facts which I have 
already stated oonoemiiig Diego Garcia a^eof any weigtit, it 
WQold seem- that moet of tlie eoral formations of the Indian 
Ocean mark areas of elevation rather than of rest* ceortainly 
they are not evidence of subsidence." . That the last move- 
ment in the region may have been one of elevation need not 
be .disputed; and^ as far as any general -theory of ooral forma- 
tion is concerned, the same movement, or a reversed one, may 
be taking place to*day. But Mr. Bourne does not show that 
the characteristic structure of the islands under special con- 
eideiation was not formed during a period of subsidence, or 
tliat no subsidence has really taken ]>lucc; the fact that ele- 
vation may be now taking place in no way precludes the pus- 
sibllity of an antecedent subsidence. The raised marine stratn 
of continental areas might as well be taken in eviilence of non- 
submergence or subsidence. It would indeed be difficult to 
prove, from what t vidt'iRc Mr. Bourne has placed before us, 
that Diego Garcia is not to-day subsiding, instead of rising, 
despite the positive proof that is given of a recent elevation of 
USur feet. Assuming the correctness of Mr. Darwin's liypothe- 
sis of subsidence I fail to see what condition would he brought 
about in a change of movement — i.e., if sucli suhsidenee as 
ciiQSiid the formation of " drowned-atolls " w<'re foll(»wed by ele- 
tion — other than timt which is presented hy Diego Garcia and 
the other reefs wiiieh .\ir. Bourne desrrihrs. 

Mr. Jiouriie does not believe tlyjit the sohition-theory of (he 
formation of l;»l^<"»ns is tenaljle, and he eliallenj^cs " tlie state- 
ment iliat the destructive agencies within itn atoll or a sub- 
merged bank are in excess of the construction "(vwi. anl.t note). 
B. IrviM. " Corml FonmUoni." Natiira, Apl. 2$, 1888. 

The author furnishes the following results as to the solubility 
of different coral 'fragments (and other limestones) in sea-water, 
in grammes per litre, for an exposure of 12 hours: dead 
PorOes, 0*395; coral sand 0*032; Bermuda harbor-mud 0041; 
IwphyUia dipsaeea, from Bermuda, 0 041; M'dkpora romoMi 
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(Ik?riiuida) 0 036; Madrqiora (uqyera 0 073; PorUes dttvaria 
(Hen inula) 0*01)3; weatliered oyster-slalls, 0331 ; crystallizcil 
carboiuitc (if liino, 0 123; amorphous carbonate of lime, 0 I»41>. 
The rate of solution here given is vastly in excess of the results 

ohtained by Mr. Ki>ss. 

J. Xiuray. " On the Strtiotura and Origin of Coml RmAi md Island*." Froe. 

Boyal 8oe. RlinlmrKb, X, 1880. 

An exposition of the non -subsidence or accretion theory of 
the foi iuation of coral structures. The author thus sums up 
lii.s conclusions (p. 517): 

1. F'oundations have been prepared for barrier reefs and 
atolls by the disintegration (»f volcanic ishiu l-. and by tlie 
buildin;:; up of submarine volcanoes l)y the deposition on their 
summits of oraanic and other sediments. 

2. The chief food of the coral consists of tln> abundant 
pelagic life of the tropical regions, and the extensive solvent 
action of sea-wat4?r is shown by the removal of the carbonate 
of lime slid Is of these surface organisms froDi all tlie greater 
depths of the ocean. 

3. When coral plantations build up from submarine banks 
thry assume an atoll form, owing to the more abundant supply 
of food to the outer margins, and the removal of dead coral 
from the interior portions by currents and by the action of the 
carbonic acid dissolved in sea^water. 

4. Barrier i*eefs have built out from tlie shore on a foundation 
of volcanic debris or on a talus of coral blocks, conil st'diment, 
and pelagic shells, and the lagoon channel is formed in the 
same way as a lagoon. 

r>. It is not necessary to call in subsidence to explain any of 
the characteristic features of barrier reefs or atolls, and all these 
features would exist alike in areas of slow elevation, of rest, or 
of slow subsidence. 

The above constitute the main propositions of what is fre- 
quently termed the " Murray theory " of the formation of coral * 
structures. These have already been discussed in the chapter 
on ** The Ooral-Reef Problem/' and therefore call for no special 
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considor.itiori in this place. Mr. Murray, like most of the 
authorities who reject the Darwinian hypothesis of suhsideiice, 
gives no satisfactory data in support of his j)r<)positions (e.g., 1, 
3), and he appears to be satisfiivl with the mere f)ossihility 
(doubtless to him, probability) of the correctness of the sul>sti- 
tute theory. Nor are any facts given to indicate that sub- 
Mdence has not taken place, although it is apparently con- 
sidered more convenient to "do away with the great and 
general subsidences required by Darwin's theory.'' But why ? 
In what respect is a long-continued subsidence more difficult 
to be believed in than an equally long continued elevation? 
Yet Mr. Bourne, one of the strong upholders of the non-sub- 
aidenoe theory, affirms his belief (vid. ant) that "atolls 
are formed in areas of elevation and that raoet of the coral 
* formations of the Indian Ocean mark ajreas of elevation rather 
than of.rest"! Is the question then reduced to one simidy of 
elevation or subsidi-nce ? 

Mr. Murray informs us that his views *' are in harmony with 
Dana's views of the great antiquity and )>ermjinence of tlie 
great ocean basin, wliu li all nH-ciit deep-sea 'arches appear 
to support." It is a Utile diili ult t<» see just how th(\v are in 
harmony with these views, jiml a[)parenl]y they are miu li h-s.s 
so tlian irf thr subsiilenr(- llie(»rv. Dana liinisrll" states (Ive- 
port Wilkes Kxploring ]']x[)Ldition ; A. J. Science, o(/ ser., XXX, 
pp. JM, 97) that the eoufije of the cural islands in the !*acific 
conforms largely "with the nxial line of gicatest de|>res.sion,** 
and that tlu' deep-water area or trough which extends south- 
eastward from Japan through the Central Pacific conforms 
" well to the suggestion of the Darwinian theory." I fail to 
see how, if the coral growths are planted either on ascending or 
stable areas, the condition specially agrees with any theory of 
oceanic p(?rmanency, I should rather think the reverse, for per- 
manency in the ocean would seemingly be established through 
progressive subsidence. Mr. Murray, however, states that all 
the volcanic regions which we know have in the main been 
areas of elevation and we would expect the same to hold good 
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ill those vast nnd ju'raiauent liollovvs of tlie earth wlm li are 
occupied by thu waters of tlie ocean (lor. i ll., p. 510). But in 
what lies the evidence for these assscrtions? It would proba- 
Idy 1>c as difticult to prove a general elevation in volcjinie 
tracts as it would \n' diflicult to furnisli tliut rvidenee in favor 
of subsidence in cnral areas which the opponents to tlie Dar- 
winian hy|»otliesis demand. Indeed, it i? well known that by 
many geologists volcanic tracts are considered to be areas of 
subsidence, rather than tlic reverse. This is the view now 
held by the foremost Austrian jreologists, like Suess and Neu- 
niayr. who associate the great crustal fractures or depressions 
—the "sunkeu basins" — with volcanic phenomena. While 
subsidence may, and with little doubt does, initiate volcanic 
ouUlowSy it socms reasonable to suppose that any very great 
extravasation of material from the earth's interior will prodnco 
subsidence, except in so far as this subsidence jnay be locally 
balanced by the material ejected. Dana. ind(HHl informs us, 
from a study of the deep-sea soundings of the *' Tusirarora " and 
"Challenger," that the region of the great island of Hawaii, 
"although it is now actively v<dcanicand has little growing 
coral about it," has sitMidngly " undergone more subsidence' 
than the coral reef end of the chain, and tliat its lieight and 
steepness of submarine slopes are due to the fact that its out- 
flows of lava have kept ahead of the subsidence, and also built 
up nearly 14,000 feet above the sea" (A. J. Science, 3d ser., 
XXX, p. 101). 

H. B. Ospf J. " Nolw on the ChartMst«ni •nJ Mode of Forawtkm of the Ooml-RMd of 
the SolooMni Ivlonds." l*roe. Royot Soo. Ediolmrgh, 18«fr-80, pp. S&T-PIM. 

This is one of the most comprehensive papers dealing with the 
coral formations of any one single group of islands. The re- 
gion of the Solomon Islands comprises, according to this in- 
vestigator, all three forms of reefs — atolls, fringing-reefs, and 
barrier-recfs — and thus presents special advantages for the 
study of the coral-reef problem. The author^s main oondustona 
may be briefly summed up as follows: 
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1. Reefs appeal- at the surfiiro as the result of growth at 
about the sea-lev(^l or through iiiil^'aval. 

2. The numerous detached subiiier^«'d ('nral-shoal?5, whicli 
represent tlie early ( ondition of reef-structures, are not able to 
raise themselves to within the constructive power of the break- 
ers witliout the aid of a movement of elevation. Being arrested 
in their upward growtli, at depths varying between 5 and 10 
fathoms, according to the exposi^d or protected character of 
their situation, they form flat shoals of no great size. 

3. Atolls of small size, /. e.»a mile or so across^ do not as- 
anine their cho-racteristic form until they have reached the 
surface. A small flat-topped shoal is first brought by up- 
heaval to or above the sea-level ; lateral extensions or wings 
grow out on either side» so as to ultimately form a horse-shoe 
rettf. Such a reef presents its convexity against the prevailing 
surface-currentS) to which in truth it owes its shape. 

4. The larger atoUs have probably assumed their form be- 
neath the surface, since, according to the principle laid down 
by Mr. Murray, they would then have a relatively smaller 
periphery' for the supply of food and sediment to the interior 
than would be possessed, by the small submerged shoals above 
describeil." 

5. The true "growing edge" of a reef is tlie seaward slope 
whicli extends outward b('tw»'cn the depths of l-o and 12-18 
futlionis; where tliis sul)iuHrine slope is more than 10"' or 12**, 
** as nsually the case," the sand and gravel arisiut: from 
(K t unic degradation — which, with a more gentle slope, aceinuu- 
hite8 at its base — iscai'ried far beyond the depths in which reef- 
corals thrive, in the vase of reefs possessing a gradual sea- 
ward slope, i.e., less than 5°, the lower margin of this band of 
detritus will lie within the zone of reef-building corals, and in 
consequence a line of barrier-reef will be ultimately formed 
beyond this band with a deep water channel inside. Succes- 
sive series or belts of barrier-reefs thus formed may be brought 
to the surface tlirough a progressive rise of the sea-bottom. 

6. Reef-building corals are not restricted to a superficial 
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zone of 100-120 feet; under favorable conditions " they may 
tlirive in depths of T)!) or tHJ fathoms, and ihm \vc can readily 
explain the apimrcntly ubuormal depths msuie some atolls and 
barrier-reefs." 

7. Keefs «j:row out on tlieir own talus. 

It will thus 1m seen that Mr. Guppy dissents from tlu)se who 
hold to the theory of subsidence, hut it can scarcely be said that 
his facts are fully, or eyen hxrgely, in accord with tlie substi- 
tute tiieory of Mr. Murray ; nor can fhey be said to he o)»|>osod 
to the requirements of the Darwiinan hypotliesis. Perliai>s 
the niost iinportiint of Mr. (iu[>pv's jjoneralixationa is that reef- 
building corals can thrive at considerably greater depths than 
has been generally supposed, reaching under favorable condi- 
tions to fully three times the depth of the commonly accepted 
lunit. Indeed, if this condition can he proved to exist it would 
naturally do away with much of the necessity for a belief in 
subsidence, since it would (or could) explain one of the most 
distinctive features of coral structures, the deep lagoons and 
channels. But the evidence on this point is of a very unsatis- 
factory nature. Sporadic growths of reef-building corals may 
well be found in depths exceeding the so-called coral -zone, but 
until it can be shown that anything like a reef-developmont 
takes place in this greater depth, we are justified in restrict- 
ing the coral-zone to the narrow limits which have been gen- 
erally assumed by naturalists. Mr. Guppy, indeed, informs us 
that "under favorable conditions, reef-coruls may thrive in 
depths of 50 or 60 fathoms " (p. 903), but this statement seems 
to rest merely upon an antecedent statement (p. 887) that " ofT 
the reef of Choisenl Bay I [the author] did not seem to have 
reached this lower limit [of coral growth] in soundings of 40 
fathoms." And does this indicated depth of 40 fathoms rest — 
as it certainly seems to— on the fact that in a cast of 31 fathoms 
the arming preserved a '* rounded impression of the size of a 
billiard-ball, the inner surface of which retained the prints of 
small cells as if of a Porites" (Ann. Mag. Nat Hist., June, 
1884, p. 464) ? 
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Botwt en ihrivinL'- at deptlis of r>0-(;0 fathoms and the finding 
of an olist iii* imjHvsbioii at .'>1 fatlinins tlierii is suroly a vast 
<liHt'reiiit'. Puit Mr. Ctuppy liiriiselt iiilorins us (" Coral Sound- 
ings in the Solomon Islands," Ann. Mag. Nat. Hist., June, 1884), 
tliat in Sflwyn Hmv, on the west side of Ugi Island, the depth 
at wliicli coral tii rives is hetween 20 and 25 fathoms (p. 461) ; 
in Port Mary, Santa Atma, the limit is placed at 20-30 fathoms, 
altliougli tiie deepest recognizahle impression (of an Astnean) 
Wiiii obtained from only 17 fathoms (p. 4(J1); ot!" Onua the 
"lower limit at which coral thrives" is about 20 fathoms (p. 
4(>;5); while otftiie northwest coast of Balillai Island, Bougain- 
ville Straito, "a depth of 15 fathoms apparently riepresented 
the \ovfe»l limit of the zone of corals " (p. 4ti3). 

Mr. Gujipy's own observations are, therefore, practically 
confirmatory of the observations of nearly all other investiga- 
tors who had prece<led him. In fact, if we except the impres- 
sion obUiinod at 31 fathoms, they are seemingly absolutely 
confirmatory ; moreover, the impression may have been that 
of a dead coral. 

Dana well remarks (** Corals and Coral Islands," 1872, p. 
118) that ** soundings with reference to this subject are liable 
to be incorrectly reported by persons who have not particularly 
studied living zoophytes. It is of the utmost importance, in 
order that an observation supposed to prove the occurrence of 
living coral should be of any value, that fragments should be 
brought up for examination, in order that it may be unequiv- 
ocally determined whether the corals are living or not. Dead 
corals may make impressions on a lead as perfectly as living 
ones." 

It is on this slender basis, if it is a basis at all, that Mr. 
Guppy constructs his theory for the formation of harrier-reefs 
(which inMose deep channels) and his explanation of the deep 
lagoons of atolls. Prof. Boimey has, it appears to me, well an- 
swered that '*till Mr Guppy can produce cases of ffrcfwing reefs 
at depths well exceeding 25 fathoms, isolated instances of the 
occurrence, w{ i^uph depths, of living corals which are among 
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the rc('f-l)uil(li'rs do not really help him ; and that till he cm 
<lo this 1 e is only supporting hypotliesis by hypothesi.s" 
(Nnturc, July 4, 1880).* The same ohjeelion probably holds 
to any inference being <h*awn from the discovery of a number 
of reef-genera (Stylopliorn, Astraa. Pavonia, Cyeloseris, Lepto- 
seri-s, Stephanarin, Psammocora, Montij>ora, Alve()j»ora, Rboila- 
nea in dej>tlis exeeedin*^' 30 fathoms of!' the Tizard and Mae- 
elesfield hanks, tis rej>orted by Jiassett-8mith (Nature, July 4, 
1880). At all events, more detailed information than we now 
possess regarding this seemingly important tiiid is needed be- 
fore satigfactor}' conclusions can be bused upon it 

There is another ]7oint with reference to the exisleiiee of 
what might be called the second or deeper zone of coral growth, 
which is supposed to be separated by a barren sand area 
from the normal zone (100-120 feet), upon which Mr. Guppy 
is not very clear. It is assumed that the sand resulting from 
oceanic degradation destroys the life over which it is laigely 
preci|>itated, and that were it not for its bad influence corals 
would be found growing on the deeper sea-ward slope as Uiey 
are found growling above. The first part of the proposition is 
in a measure doubtless true, but the second does not neceasarily 
follow ; on the contrary, the fact that these corals are practically 
never found in the " barren " area is almost positive evidence 
against the truth of the proposition. Otherwise we should ii nd 
scattered and luxuriant growths just as we find them in the 
interiors of the sand-swept lagoons. According to Ouppy the 
lagoons and lagoon channels 6f the Solomon Islands are largely 
occupied ''by sand and chalky mud; but in the shallower 
liortions, and especially in those situations which are near the 
breaks in the reef, corals thrive in great profusion (Proc. 
Royal Soc. Edinburgh, 1886-86, p. 861). 

In the lagoon of Oima the individual coral-colonies arc de- 
scribed as being very much larger than they are on the outor 
slope of the reef ; " large masses of Porites ranged from 10 to 16 

* I rcgrcl that uu to the time of printing it has hecu impossible for me to secure a 
capf of the new edition of Darwin^s work on coral islands, edited bf Pkof. Bonnejr. 
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feet in diamekT; \vhils,t tlitj largest iiiusjii^ that I found in tlie 
wasli of tlie breakcis at the outer ed^^c of the reef, which he- 
lun^ji'd to sj>ccie.s of Cu-lnriii and Ma-auth-ina, nii';isured only 5 
feet a los-*" (p. 890). 8uruly, with such t'vi(Jt iH'e In fore us it 
cannot reasonably he supposed that tliere could he such ini 
extermination from the outer slope, if reef-building corals 
really thrive at these depths, as Mr. (Juppy would lead us to 
suppose. 

With regard to the fornnilion of the deep lagoons and clmn* 
nels and the actual thickness of the coral-made rock, Mr. 
Guppy's own views seem to be in conflict. The author ap- 
parently inclines to the views of Murray and his followers 
that these deep bodies of water are after-formation8» and that 
they have been produced through steady removals of material. 
As factors in this removal he cites the action of carbonated 
waters (*' solution thc*ory ") and the various forms of organic 
degradation (pp. 893-97). 

But no instance is cited where any considerable depth of 
water has been brought about in this way ; it is merely the as- 
sumed hypothesis of possibility. On the other hand, we are 
positively informe<l (pp. 878-79) that the lagoon of the Oima 
atoll (which measures nearly two miles in it« longest <liameter), 
with a (1( pth of some 20 fathoms, is tilling np through the ac- 
cunuilatinn of sand! And this conditidn exists in an atoll 
which iias siiiningly experienced no "upheaval since the 
comniencfiiH'iit of its <;i(>wth." 

The .same cniidit ion jjievnils in the case of the Keeling atoll, 
where, as Mr. Uuppy informs us, " the lagoon is rapidly filling 
n[> with sand and coral" (Nature, Jan. 3, 18811). The facts are 
thus clearly opposed to the theory that is assunu d. 

One of the jxiints that have been s]>ecially insisted npon by 
the opponents of the subsidence theory as being destructive of 
that theory is the supposed thinness of the coral-made rock, 
and much stress has been laid ui)on the researches of Guppy in 
the ^lomon Islands. This subject has been considered in the 
chapter dealing with the '* Ooral-Reef Problem/' but a few ad- 
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(Htional remarks are here necessary. In his more recent pub- 
lication on the Solomon Islands " Mr.Guppy informs us that 
the thickness of the coral limestone in the upraised reefs is in a 
general way between 100 and 150 feet, and Uiat he never found 
an island that exhibited a greater thickness of coraMime- 
stone than 150 feet or at the very outside 200 feet" (p. 71) 
This is in itself an important observation, but it is just what 
we should expect to find in u region of elevation, ns we are in- 
formed this one is. Without subsidence I fail to see bow, on 
the Darwinian liypothesis, a coral limestone could have a 
greater tliickiit'ss tlitiH 100-150 feet. The special sign ilieanee 
of the ul)S(M-vat ion lios only in the tact tiuit the same tliii-kne.^s 
of coral-rock is associate «! with what is assumed to be a raised 
atoll— iiaiiicly, the island of Santa Anna, 'i'iiis island is de- 
scribed as being nearly circular in form, witli a length and 
brcadtli of two and a half and two miles respectively, and con- 
sisting " of a central basin suriuuudcd by an eh«vatcd rim flOO 
to 200 feet in lieight], wbirh is wanting at tlic middle ot tlie 
west or leo side. Tlie bottou! of tUv basin, which extends 
downward to about 1()u h t t Inflow the sia-levol. is occupied 
by two fresh-water lakes, ' tiie largest of wbicb measures about 
half a mile in Icn^tii, and bas a dcptb of IS fatlioms in its 
ilcc|.t st portion. The bigbcst elevation of tbe island, a vol- 
canic peak, 470 feet in bcigbt, rises from the rim of tbe eastei n 
border, while another elevation, of 160 feet, is found iu the 
centre of tbe depressed basin. 

it does not appear clear that this is a true atoll ; and Mr. 
Guppy liiiTist lf admits that the island dilfers *' from the typical 
reef of this description," although agreeing with the atolldike 
structures of the fcJolomon grou[> (** .Solomon Islands," p. 1 13). 
It is manifestly a ]»art of lliat class of structures, the horse-shoe 
shaped reefs, which " do not assume their characteristic form 
until they have reached the surface," &iu\ which the author 
broadly distinguishes from the large atolls, which have proba- 
bly " assumed their form beneath the surface " (Proc. Royal Soc. 
Edinburgh, 1885-^6, p. 900). " A small flat-topped shoal is 
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first hrouglit up l>y iipln aval to or al>uv€ llie .sea level. Lat- 
eral extensions or wings grow out on either side, m as to 
ultimately form a horse-shoe reef. 8ueh a reef presents its 
convexity against the prevailing surface currents, to which in 
truth it owes its shape" {loc, ci(., \k DOO ; this view of the forma- 
tion of atollons or h<»rse-shoe reefs is further elahorated in Mr. 
Guppy's paper " Preliminary Note on Keeling Atoll," Nature, 
Jan. 3, 1889). Such are seemingly the conditions that we find 
on Santa Anna Island, but the examination of the 100-fathom 
contour line, which closely conforms to the actual bounda- 
ries of the island, even to the indentation of the 17-fathom 
Port Mary — concerning which Mr. Guppy expresses himself 
as having "been unable to obtain any satisfactory explana- 
tion " ("Solomon Islands," p. 117) — ^|>roves conclusively, I be- 
lieve, that the surface exposed above water is merely the cor- 
respondent of that which is below it, in other words, the island 
has grown up on a base of its own form, which base is seem- 
ingly a breaehe<l erateral cone of a voleano. It repeals on a 
larger scale what is si i II presented hy its own liiglicst elevation, 
the eastern voleaiiic c<me, which carries 'a small circular hol- 
low, between 100 and yards across ami .'^5 or 40 feet in 
<Ieptli. There was a time in its lll^ls>t v, wln ii the present sum- 
mit alone appeared nt the surfiicc of the sea as a tiny ring of 
coral reef, eap}>ing a submerged volcanic peak, the remains of 
which still exist in the shallow basin on the highest part of 
the islan<l " (o;>. nV., p. 113). I think we are well justified from 
this evidenee in assuming that the large breaehed-ring is sim- 
ilarly only an upgrowth from a larger erateral border, upon 
which the small cone is perched. Mr. 1 )arwin early recognized 
the possibility of sueh a structure, and he guardedly affirmed 
his belief that under suitable conditions a " reef like a perfectly 
characterized atoll " might be formed over the rim of a crater 
(*« Structure and Distribution of Coral-Reefs," 1842, p. 89). 

It is therefore in no way surprising that the thickness of the 
coral-made rock on this island should be com|>aratively slight, 
and nowhere exceeding 150 feet 



Digitized by Google 



THE BERMUDA ISLANDa 



Mr. Guppy ingeniously ar^es from tlie cliaructer of the 
rock which in mnnv of the isUmds immodiutelv underlies the 
coral-liniestone, niid which in certain orgaiiie and mineral feut- 
iires recalls the deeper deposits of the ocean, that the amount 
of elevation in tlie rojr'on ha.s been very great, and that the 
coral formations are jihiuted directly upon deep-sea or even 
ab^'smal dejmsits. Tlius, it if? claimed in the history of Santa 
Anna Island that "a submerged vokanie. peak, lying at a 
depth of prot>ably 2000 fathoms below the surface. wasrovercMl 
by a deej)-sea mnH, nnd tlien elevated until it heeame the base 
of a cor;d atoll, which has been subsequently upheaved to- 
gether with ils foundations to a height of nearly 500 feet above 
the sea" (" Solomon Islands," p. 113). I fail, hofwever, to see 
the force of the argument. In the first place, it is well known 
that the pelagic organisms which contribute their remains to 
the deej i-s(»a deposits are larg« 1 \ -if not, indeed almost wholly — 
anunal forms which inhabit the superficial zone of the sea; 
likewise, the inorganic substances which accumulate at the 
bottom— cosmic dust, disintegrated pumice, e<c. — ore derived 
from the upper regions. Hence, manfestly, a shallow open-sea 
deposit will have much the characters of the deep-sea de[)06it8, 
except in so far as we should expect to find it retain the special 
features, faunal and lithological, of shallow-water formations. 
These are said to be absent in the organic deposits immediately 
underlying the coral-limestone of the Solomon Islands, and it 
is accordingly eonckuled that they represent deep-sea forma- 
tions. But tlie difficulty is not removed through this interpre- 
tiition, since even it" they are deep-sea deposits their elevation 
into the uj>per zone would have hrouglit them within the 
reach of surface conditions. And yet the accompaniments of 
these conditions sei ni to l)e wanting until we reach the corals 
them.selvcs. T\\r nt'gative ehnn^cter. tfierefore, i;ivc.« no evi- 
dence as to the (le|)th at wliidi the sui>-c()ralline depusils were 
laid down. Hut the fact liuit no coral rock is found at any 
really great elevation above the sea is sutlicient evidence, it 
seems to nie, that there has been no such marked elevation as 
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Mr. (}up[>ysu|rjre,sts. otherwise it would hoiilmosl itijjmssibK' to 
accoutit for tlic marly iMjual altitude (above tlie water) wliieh 
lliis f(»niiiiti(>ii liolds in tlie differeut islauds of the island ^roup. 
Indeed, the fact that by far the greater number of coral-islands 
antl reefs lie practically at the level of tlie sea, or but a few hun- 
dred feet above it in the ease of frinr^ing-reefs, is an almost in- 
superable objection to the theory which holds to the formation 
of atolls through elevation; the uniform line of position is 
opposed to any law of chances which might bo assumed to 
govern a broard elevation. The same objection naturally docs 
not apply to a theory of upgrowth in a stable area any more 
than it does in the case of a subsiding one. 

Mr. Guppy has, indeed, himself anticipated some of the ob- 
joctions to his own views, but it appears to me he has failed 
to grasp their full significance. If, as it is claimed by the au* 
thor, reef-building corals may thrive at a depth of 40, 50, or 
(SO fathoms, and if their structures are planted directly upon 
deep-sea deposits, then manifestly the thickness of the coral- 
made rock should be very much greater than has actually 
been found to be the case. 

- Mr. (luppy attempts to meet this diificuUy by assuming [the 
immediately reversed {losition] that reef-corals will be usually 
confined to depths of less than 20 or 30 fathoms, and that the 
rapid sub-aerial denudation, to which these regions of heavy 
rainfall are subjected, would be an important agency in the 
thinning away of the raised coral formations " (Proc Royal 
Soc. EdinburgI), 18S5-^, p. 890). This is surely begging the 
question — indeed, it might be said, it is abandoning the main 
l)ropoffltion — since in the feeble development of the coral-made 
•rock the one vulnerable argument against the Darwinian hy- 
pothesis was supposed to lie; it is in this fact that the oppo- 
nents of the subsidence theory have intrenched themselves. 
Yet we have here the testimony of the only investigator in the 
premises that the tliinness of the rock in tjuestion is probably 
not as thin as it is sujiposed td be; inde<'d, for any evidence 
that has been brought foi ward to the conLnuy, the rock may 
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have been very thick. In his review of the question of great 
elevation Mr. Guppy thus expresses himself: "So great has 
been the suh^erial denudation of these islands, that, although 
the elevatory movements have brought up to our view deep-sea 
deposits which have been formed in depths probably of frum 
1000 to 2000 fatliomsy yet, notwithstanding this great upheavttl, 
the calcareous envelopes, or ancient reef-fonnations, usually 
disappear from the slopes of the large islands at hciglits of 600 
or 000 feet above the sea, and never came under my observa- 

tion at elevations much over 900 feet 

'* Besides the testimony afforded by the stripping offof the cal- 
careous envelopes from the higher levels, abundant evidenee 
of the great degradation which these islands have experienced 
is to be found in the exposure at the surface iu various 
islands of highl}' crystalline ond otiier much altered igneous 
masses (such as quartz-diorite^j, quartz-ix>rphyries, gabbros, 
felspar-rocks, altered dolerites, and serpentiius), which, accord- 
ing to Professor Judd and Mr. Davies, were formed and alst> 
altered at great depths, and cpuld only have been exposed by 
extensive denudation. Of the nipid degradation of the surface 
which the calcareous di.stricts undergo in tins region of heavy 
rainfall, there can be no doubt. It should therefore be re- 
membered, when examining tliis region, that although in po«t- 
Tertiarv times it has been an area of great upheaval, winch a 
moderate computation would place at not less than 12,000 feet, 
it has also been an area of most rji]»iil denudation" (" Solomon 
Island.';, " pp. 12~>-''2\)). After this adnns^ion of enornion- v\a?«te, 
the argument from the thinness of the coral-linie.stone loses all 
force; nor can it be reasonably claimed that the waste extended 
ojily over a thin and upwardly-extended capping of rock, since , 
Mr. (nippy assumes for one of his ini{)ortant eonciusions tliat 
barrier ami other reefs grow out on their own talus. Witli origi- 
nation in a great depth there would be ample ojiportunity for 
such outward growth, and the accumulation of vast thick nes.ses 
of rock. And how would rock accumulated in this way differ 
from rock accumulated through subsidence? And if great 
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thicknesses of coral-made rock, whether formed in the one way 

or the other, have been removed from the elevateil reefs of the 
Solomon Islaiuls, wherein lies tlio evidence tliat there lias been 
no siibsiflcnce? 

H. B. Ouppy " The Hfilomnn lilamlp." 1887. 

" The C)oral-Ree& of the Solomon Islands." Nature, Nov. 
25,1886. 

" Observations on the Recent Calcareous Formations of the 
Solomon Group made during 1882-84." 

The principal facts contained in these papers bearing upon 
the coral-reef problem have been considered in the preceding 
review of Mr. (tupjty'.s paper '* Notes on the Characters and 
Mode of Formation of the Coral Reefs of the Solomon Islands.'' 

W. J. L. Whartoa. " BfMAiuarhu bland." Nature, i^ep. 1, 18S8. 

A dt'liiieation of two slopes of theconil reef surroumiiiig Ihe 
sninll island of Masanuirhu (situated in the liet! Sea, in J..at. 
Ih'^ 41>' N. and Long. :i8'' 45' E.), as determined bv Captain 
Maclear, of II. M. S. " Flying Fish." This is an im|>ortaut 
contribution to the hislory of reef-struetures, since it places 
beyond doubt the fact that the seaward slope of some coral 
iiliinds is very abrupt, as earlier determinations had reported. 
At one point removed about 375 feet from the growing edge of 
the reef soundings indicated a depth of 1200 feet, or an aver- 
age descent for this portion of the slope of some 72**. At a 
distance of 1200 feet the depth was found to he 1300 feet. 
Beyond this point the seaward slope is somewhat less abrupt, 
and at a distance of about 1900 feet a depth of only 1500 feet 
was found. Even this is a steep slope, averaging 38**, and 
fully equal to the slope of the steeper volcanic cones; the first 
|K»rtion of the descent^ on the other hand, far exceeds the slope 
of any mountain-peak with which we are acquainted, except 
where sheer (so-called " vertical ") rock*preci pices are presented. 
Coral and coral sand were obtained from nearly all parts of 
the slope, and at one point eoral limestone was struek at 13(H) 
feet. lu two or three places the line dropped into deep and 
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narrow ditches, the walls ol' which on both the inner and outer 
sides were very abrupt, rising at an inclination of about 80.^ 
One of these ditches, reaching in. its bottom, to 1200 feet, has a 
depth, measured by the heiglit of the outer wall, of upwards of 
350 feet 

The facts of this island, so far as thov go, arc distinctly in 
fiwoF' the subsidence Cheory, and they have been properly 
estimated by Prof. Bonney (Nature, May 23, ISSO). Mr. (iuppy, 
on the other hand (Nature, May 10, 1880). J^<*es in Captiiiii 
Maclear's sections evidences favoring Murray's views! How 
they favor these views is not stattd, n tr do 1 believe that it 
would be easy to find an} coulirniation in tlieni of the tlirory 
of orpmic ui)gruwth. Of course it can be assumed that out- 
wan] growth on an extended talus m 'ujhi (uii<ler special conili- 
tions) produce such a steep slope, but this is far from proving 
that tlie condition ilid in fact exist. Further, we sliould suil 
be <'ortipollo<l to prove that any such large talus can form (and 
T believe Pinl. Dana has well argued that it cannot reatlilv 
form), an<l that even if forniud, there is that (vast) outw;u<l 
growth upon it which has been assujiie<l by Murray and 
(fuppy. As regards his own special vit*ws of the formation of 
barrier-reefs, etc., Mr. (Juppy finds full confirmation in (he 
"ditches" whicli were located on the slopes of Masamarhu, for 
he thus expresses himself: " The * ditches ' shown in these sec- 
tions I look upon as in<licating the formation of barrier-reefs 
at consideral)le deptlis, an.d as giving remarkable support to 
my views on the origin of these reefs" (Niituro, May 1(5, IHSO). 
Mr. Guppy has, indeed, pointed out (in a very unsatisfactory 
manner) that reef-building corals may thrive at depths of 50 
or 00 fathoms (30()-3()() feet), and that barrier-reefs and atidls 
mm/ begin to build up from these depths (answering the ditfi- 
culty with regard to the deep lagoons an<l channels); but now 
we are suddenly called uj>on to assume that they build up from 
of a depth of 200 fathoms (1200 feet) ! Surely the most doubt- 
ful cannot readily object to a theory which is so elastic as that 
of coral upgrowth. 
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K. B. Ownf, '* Prdimiimrj Xoie on K«ollax AUjII. known bIm u th« Ooon lilnnili." 

Nature, Jan. 3» li^SV. 

Ill this paper (letter addressed to Mr. Murray) the author 
presents some interesting facts pertaining to the formation of 
horse-shoe shaped atollons. His conclusion may be briefly 
stated : ** that wherever a coral island stems a constant surface* 
current, the sand produced by the breakers on the outer edge 
of the reef will mostly be deposited by the current on each side 
of the island in the form of two lateral banks or extensions, 
giving the island ultimately a horse-shoe form, with the con- 
vexity presented against the current." 

A bank may then be " thrown up across the mouth of the 
horsenshoe, and a small atoll with a shallow lagoonlet is pro- 
duced.*' Other points reache<l in Mr. Qupjty .s examination of 
the Keeling atoll are that "the lagoon is rapidly filling up 
with sand and coral " and that the outward extension of the 
reef is eifeeted, not so much by the seaward growth of the 
)>resent edge of the reef, as by the formation outside of it of a 
line of growing corals, which, when it reaches the surface re- 
claims, so to speak, the space inside it, which is soon filled up 
with saTnl and reef-debris.*' 

Mr. (»upi>y prefaces his j)iiper with an apj)cal to the shallow- 
ness of lagoons, and criticizes our exaggerated notions of these 
strucLures. On a true scale it is claimed that a lypical lagoon 
*' would be rcj)resenteU by a film of water oi cujA inj^ a slight 
hollow in the level mountiiin-top." The author further ex- 
{)resses himself as follows; " Hy thus (;ra>ping these facts, we 
at once perceive that by reason of our failing to view an atoll 
in relation to its surn»undin^?s, and through our inisconcep- 
tion.< of its dimensions, we have been led to introduce a fxreat 
cause to explain a very small effect. Tlie .slightly raised mar- 
gins C4in be easily explained by causes dwelt u]»on by Murray, 
Airassiz, and others. No movenjent of the earth's crust is 
necessary for this ]>iir{)osc. The mode of growth of corals, the 
action of tiu; waves, and the iiilhicnee of the cuiTcnts, atibnl 
agencies (^uitc suthcieut to produce the slightly raised margins 
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of an atoll." It is, indeed, hard to class the logic of this argu- 
raenU Is it to bo presumed that because some geologists have 
exaggerated notions of the configuration of an atoll and its in- 
closed lagoon, that the lagoon does not exist? And if it really 
does exist, how near are we brought to an understanding of 
its structure by the simple conception of its being a thin film 
of water perched upon the summit of a flat mountain-top ? 
The depth of the lagoon still remains the same, and so does 
the hciglit of the raised border. It might, indeed, as well be 
urged that there is no necessity to account for the structure of 
mountain-chains, since the highest of them are mere wrinkles 
on the earth's surface, corresponding in size to the irregulari- 
ties on the riiid of an orange! Comparisons are useful, but 
ihvy are not explanution.s. 

Johannes Walther. " Die KorallcnriflTc tier Sin»iluUbin«eI." AbluuiJI. d. mathem. 
pbjrviwh. aMM d«r K5nlgl. SSMm. GMelboh. der WUwBMhaft««» xiv. 18HM. 

No new facts tending tuwunl th<- solution of llie coral-reof 
j»i'()l)kan are given in this vahiahlc nu nioir. The eoral-<tiuct- 
urt's (Icseribed nre mainly fringing-reofs, and thev oocur in a 
regioi» of cxisliiig or recent elevation. The autlior calls atten- 
tion to certain atoll-likc or ring-formed islets which are found 
u-^soeialfMl with the friiigiiig-rccfs, and wliich in some instances 
are iminc(liate outgrowtlis from the latter. This circnmsiance 
is inimcdiatcly sei/A-d by Mr. IJourno (?G. C. U. — Review of 
Walther's work in Nature, Dec. JO, 18S8) nn another instance 
"added to the nniny now accnmuhiting of harrier reefs ami 
atolls being formed in an area of elevation." AValther givi'< 
no data regarding these islets, except as to form. It seems 
jiroper to ask in this cmmeetion : Are nil circular or cresccn- 
tic growths of coral to he cla.ssed as atolls? Are fringing-ivefs 
which for a short distance leave the coastdine to he cla.s.<ed as 
barrier-reefs ? Are the dunes and suud-hills of tiie coutincutal 
areas mountains? 

As touching the question of the formation of these islets in 

an "area of elevation " it is interesting to note that Walther 
recognizes a local subsidence of some 6 metres at the southern 
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end of the Peninsula (UAa Muhainnicd), or ahu tsi in the very 
refficn of the ideU in question. Further to the north, on the 
oilier hand, the reefs are strictly linear and conform rigidly 
to the coast-line, and arc confined within the 10-fathoin line. 
In the region of the islets, opposite to the points where subsi- 
dence is supposed to have taken place, the depths are much' 
greater. 

S. 1. HtokMB. "TbeoriM orOonl Rwfii «m1 Atotlw.** AddroM Britbh Amoe^ 1M8. 

Some points contaiiuul in this juipcr, which is a broad re- 
view of the opposing theories of reef-fonnation, have already 
been noticetl. I*rof Ilickson coiigidcTs hiin^rlf an adiicrent 
of tlie views of Mr. Murrnv, but \'veh doubtful about tw*o [)oints : 
(1) "\\'h(>tber the power of solution of sca-wuter is sufficient to 
account for the formation of lagoons, and (2), whether in some 
cases, such as the eastern part of the 1'\m joe Archipelago and 
the Low Archipelago, the theory of sub.si(k'nce may not be the 
correct one." The author believes that from the evidence of 
the Great Chagos bank alone "the subaidoucc theory breaks 
down," but he gives no facts to su}>port this position beyond 
the belief that the banks are (or ought to be) rising instead of 
subsiding, as they were considered to be by Darwin. The all- 
important fact which Darwin pointed out, on the testimony of 
Captain Moresby, that the rim of this supposed drowned atoll," 
lying at a depth of a few fathoms beneath the surface of the 
water, consisted almost wholly only of dead coral, Prof. Ilick- 
son believes ''requires re-investigation," because '' it is difficult 
upon any theory to see why the rim only nine or ten fathoms 
below the surface should not bo covered with live ooral." I 
fail to see why this assume<l fact is opposed to " any theory " 
of coral growth, except the one which has been advanced or 
sustained by Murray, Guppy, and iitairue. While it is ad- 
niittcd by both Darwin and Dana that the rcc f-buildiii«^^ zone 
extends down to a depth of 20-2.") fathoms, it is well known 
that in many coral regions the juaetieal limit <•! eoral develop- 
ment is found at only half this deptli. Thus, during tlie cruise 
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of the Wilkes Exploring Expedition the anchor of the " Pea- 
cock " was dropped [within the reefs of Viti Lebii and Vanua 
Lebu] sixty times iu water from twelve to twenty-four fath-- 
oms deep, and in no case struck among growing corals. 
Patches of reef were encountered at times, but tliov were at a 
less depth than twelve fathoms " (Dana, " Corals and Coral Isl- 
ands, 1872, p. 116). Alexander Agassiz's researches off the 
Tortugas reefe lead to the conclusion that corals do not thrive 
below a depth of from six to seven fathoms/' and the same 
limit of growth was found by Louis Agassiz along the whole of 
the main reef to the northward " Three Cruises of the Blake," 
vol. I, p. 74, 1888). Walther found dead reef (supposed to have 
been brought about by subsidence) at RAs Muhtimmed at a 
depth of only 10 metres, or 30 feet (** Die KoraHmriffe der Sinai- 
haibmsdy' p. 4()o, 1888). Why then should the observations of 
such a careful investigator as Ca|)tain Moresby be called into 
(question ? It seems to me tliat tiicy very closely agree with 
the theory of .subsidence. 

H. 0. Forbes. "A NaturaliKt'i* WanderiDjg* in the Eac«tern Arcbipelago," lH8j. 

The author descril>es tlie Kcn^ling atoll, which he believes 
to have risen through oIe\ ation, and finds reason to conclude 
that the lagoons have filled in materially since the time of l>ar> 
win's visit. 

J, D. IhUMU ** Origin of Oockl RmOi and blmadi." Am. Journ. SeienWp 3d Mr., toI. sxs. 
1886. 

An elaborate review of the objections raised to the Darwin- 
ian theory, and a statement of facts iu support of said theory. 
This is by far the most searching analysis of the divergent 
views bearing upon the theories of coral-roof forniatinn, and, 
1L<? it a|)pears to nie, it satistactorily nioets all the objections 
tliat liavo licen raised aguiii^st suUsitlencc, besides showing the 
inadotjuacv oi tlie substitute tbeorv. The author's main con- 
Hiisions are thus staled (p. 100): " The subsidence wliicli the 
darwinian theory n^qnin^s has not been opposed by the men- 
tion of any fact at variance witli it, nor by setting aside Dar- 
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win's ar^ninents in its favor; and it lia.s tound new support in 
Ihe facts from the < 'liallen^cr'.s S(iun*lin>;s of Tahiti that had 
been put in array against it, and strong corroboratio!! in tlio 
facts from the West Indies." The nniin points contained in 
tliis paj»er are such us have already been considered, ami re- 
quire no lengthy discussion in this phice. Prof. Dana is em- 
phatic in Ids belief that subsidence (preceded t)y elevation) 
Wiis the condition which permitted "of the making of the 
Florida, Bahama and other West India coral reefs," a view in 
which he is distuictly opposed to Mr. Aga?siz. The evidences 
for this subsidence in a comparatively recent period are found 
in the maminaliau remains of apparently Quaternary age 
which have been disoovere 1 in Cuba and Anguilla, and which, 
from their special characters, point to a former connection 
between these islands and the mainland. The belief in 
a connection between the Windward Islands and the South 
American continent has also been held by Cope and Pomel. 
Dr. Supau, in reviewing Prof. Dana's paper {PeUmwnns MU- 
(eilunfferij vol. 32, pt. 1, lAHeratwrberidU, p. 5, 18S6), criticizes 
the views relative to subsidence in the Floridi&u region, 
since, it is claimed, even if direct connection did exist between 
the West Indian Islands and the southern continent, there is 
no proof iliat this connection extended northward to the 
North Anicricau continent; and he further denies — without, 
however, givin^i^ any reasons for tins denial — that there ever 
was any (Quaternary?) connection between the "West Indies 
and North America. This notion is prohaidy hased ui>ofi the 
old idea (advanced by L. Agassi/, and Le Conte) nf the making 
of the Floridian peninsula, in which no movements of either 
elevation or subsidence were supposed to iiave been involved. 
Since, however, this conception has proved to be a myth there 
is no further reason, except in so far as the case may ])e sup- 
ported by fact, to adhere to tlie old views of continental (or 
oceanic) stability in this region. My own observations have 
conclusively proved a i>eninsular uplift as late as the Post- 
Pliocene period, and extending as far south as Lake Okeecho* 
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Uiii I nin bv no means convnic(»(l, as I have elsewhere 
stated (chaptor on the " Coral-Rccf Prnbloin "), that a m arly 
sitniihaiH'ous snbsi(h'iic(' did nut take [)hice in (and lonii)\vl)at 
are now known us the Straits of Florida. The existence of such 
a suhsidenee Jimch in considered likely l»y Suess ( /I 'l< r 
Knit, vol. I), wlio lias paralleled it witli (supposed) sinii- 
hir oeeurrences in the ea«itern hnsin of the Medit*;rrane;m. 
Tiiis view of the formation of the deep Gulf-ehannel, I must 
confess, aj* J »ears to nie far more captivating than tliut which 
ascril>es it to the wash of the ( hilf-ciirront. 

Hut I believe direct evidence j>ointing to (although bv no 
means j)roving) a tormer conncH;ti(ni between tlie Floridian 
{xMiinsula and tlio mainland to the sonth is not wantinjx. In 
a paper on " The \'alue of the ' Nearctie ' as one of the I'rimarv 
Zoological Kegi(»ns/' pnblished in the Proceedings of the Acad- 
emy of Natural Sciences of Phila. for 1^2, I pointed out 
certaiu facts in favor of considering the lower portion of the 
peninsulaasaportof the Neotropical, rather than of the Nearctie, 
realm ; more recent zoological researches liave still further de- 
monslrated the correspondence existing between this southern 
fauna and that of the tract lying to the south. But 
more significant is the finding of the large assemblage of 
mammalian remains which have lately been brnnght to light 
from various parts of the peninsula. These have been deter- 
mined by Dr. Leidy to be the skeletal parts of the elephant, 
mastodon, llama, rhinocero.s, tapir, Hippotherium, the sabre- 
tooth tiger (Machairodus), Glyptodon, etc (Leidy : Proc. Aead. 
Nat. Sciences of Phila., 1884-89). Neither the sabre-tooth nor the 
<ilyptodon, lioth of which are so closely related to the commoner 
Sooth American forms as to be barely distinguishable from 
them, have heretofore been found in the Southern United 
States. Of course they may yet be found, and indicate a pas- 
sage over from South America by way of Mexico and the 
Southern United Slates. But the great abundance of tliese re- 
mains on the Floridian peninsula, and their absence either in 
whol^ or in part from the Gulf States, are facts which, so &r as 
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they go, point to a former diroet land-coDiicctioa across what 
is now an uriii of tiie Gulf. 

J. O. Dans. "Pvtnt'^ in till' Ccot.ijricAl Hiotory uf the* rxliinilM of MftUi ud Otthn." 

Am. Juurii. fsjit'iifc, 'Ml »cr., xxxvii, 1S8U. 

The author ^;ives the results of artesian horings made on 
Oaim (Sandwieh Islands) winch indieate the presence of coral- 
roek at ticpths varying from 500 feet or less to \i]>wnrfls of 1000 
feet heneath the level of the sea. In Mr. Campbell's well, west 
foot of Diamond Head, a continuous bed of coral, 505 feet in 
thickness, was alruck at a depth of 1320 feet. The species of 
coral found in these deep rocks not having been determined, 
Prof. Dana holds that some doubt may yet be entertained as 
to the beds in ijuestion affording [positive proofs of subsidence, 
although there is a strong probability favoring this view. It 
is interesting to note in this connection that in the deep well 
above noted a soapstone-like rock, 2 O fVtt in thickness, was 
found immediately underlying the basal bed of coral atadtplh 
of 104S feet. I« this the correspondent of the sonpstone-like 
beds whicli Mr. Guppy found at many points underlying the 
coral limestone of the Solomon Islands, and which that in- 
vestigator considered to be evidence in favor of the view that 
corals began to grow upward from great depths? This point 
is fully discussed in the review of Mr. Guppy 's papers. 

B. wm laadsaflld. A review of Mr. Buurne'i pftper on the Diego 0»fdm Reef. 
N itarwissenacbaAliche Rimdacbaii, Oct. 18» 1888. 

The author finds no facts either in this paper, or in the 
palters of Murray, Agassis, and Guppy, which are opposed to 
the theory of subsidehce. He justly calls attention to the low- 
level of coral islands generally, which is op]>osed to any theory 
of the progressive elevation of the ocean bottom. The great 
development of the dolomite reefs of southern Tyrol (of the 
Rha?tic iieriod), such as the Langkofel, are cited in evidence 
against the assumed non-existence of thick coral limestones in 
any of the older geological formations. 

It is important to note in this connection the observation by 
Suess that nowhere in the Uosau deposits, nor in the coralifer- 
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oils beds of Cormons (Eocene) or Crosora and Castel Gomberto 
(Oligocoiie), did he observe any evidence of the existence of 
massive coral stnictures, such as might be strictly compared 
to the modern reefe. (Antlits der Erde, ii, p. 407, 1888.) 

A. Oeikie. rr«i(iilcnli»l AildrcM delivered berure the Ri>yi^\ Hhvxicnl Sucivtj of £din- 
bflfgh. Prau Bnjwi Pbjr*. Soo. SdiiibMisli, viii, l'8S3-84. 

A review of the rival theories of coral-recf formation. Prof. 
Geikie gives in his adhesion to the views of Mr. Murray, but 
adduces uo fact which is incousistent with (he theory of sub- 
sidence. 

J. &«iii. " Die Ueriutidiuf'InaeIn uod ibrc KorallcnrifTo, nebat einem NAchLrage gegen 
rlic UarwIttiMlie SeDknogBUiMwie.** Vorhkadi. d. ant. doulMh. ti«ogtB|»k«iil^t 

1881. 

I have not seen this paper, but the facts contained in it, so 
far as the Bermudas are concerned, seem to be the same as 
those which are given in his original memoir, and which are 
discussed in the main part of this work. 

K. fltmptr. " Animal Life aa altetad hy the Natnral OandlttoD* of BxiHanaa.'* 1881 . 

In this work the autlior rcview.s liis obst rvations on the 
coral-structures of the Pelcw Arcliipc lafro — to wliich reference 
is mudr in the chiiptcr on the " Coral-Kecf i'lubU^'ji " — and 
asserts liis )>()sitive conviction that tlie cvidcnci' (»htiiiiie<l at 
this point is directly opposed to the theory <il siibMdcncc. Tlie 
principal ha.-^is for »Scmper's conchi.^ions is that we liavc Iiere an 
ass«K lation of all three classes of reefs — atolls, fringing-reefs ami 
barrier-reefs. These he e(insid(«!*s to liave ari»i>n iu a region of 
elevation. tSeniper has, I believe, given ns positive pro<d" of 
elevation, hot I fail to see how this elevation in any way pre- 
cludes the possihility of asubsetjuent subsidence; nor can I 
Hnd any facts in the descri})tion of the islands which speak 
against such a subsidence. On the contrarv, the author him- 
self admits that a change or arrest of movement (of elevation) 
has taken place wiieu he asserts : " The facts here adduced 
sufKce, as it seems to me, to prove that, in the first place, a 
quite recent u{>heaval must have occurred ; and secondly, that 
that period of upheaval must have passed into the present coo- 
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dilion of very slow elevation or absolute rest without any con- 
spicuous break (p. 2G3). If we assume that this arrest of 
movement, passing into a condition of alaoltiie rttt, had still 
further progressed into one of subsidence, I think we will then 
be able to understand all the special (and apparently antago- 
nistic) features of the region to wliich Prof. Semper refers, and 
in a manner much more satisfactory than is oifered by the ex- 
planation of the distinguished German naturalist It seema 
to me that the condition here is almost precisely what we find 
in the Bermudas: n eoral-made land, which had been elevated 
to some little height ahove the .sea, underguin^r \va.ste and de- 
struction throiijL^li subsidence. Tiiis phase in tlie history of 
Bermuda is so t leur that there can ho no question con«'erning 
il. In the Bermudas we have also a neiu -1\ in^^ reof on tlie one 
side (likewise the weather side) and a far-ofl" n t f on the other, 
with an intermediate hody of water of some od-fJO t'uet depth. 
But Prof. Semper himself gives da(a which lead one to sup- 
pose tliat su I'-idcnee has in fact taken jilace. The hitin^ out 
or undercutting of tin- limestone plateau to wliieli he calls at- 
tention (p. 254), and whieli may be paralleled with tlie similar 
process on the s(»uth shore of tlic Bermudas, surely ar^nie.s 
Tiiueh more strongly in favt>r of 8ul>sidence than of clt vation ; 
it certainly seems impossible for a rock t«» )>e at the same 
time building up and breaking down. But further, I'rof. 
Semj)er informs us that it " is certain that the eiu losed island 
of Babelthuap was formerly much broader than it now is " 
(p. 270). This condition is scarcely compatible with any theory 
of elevation, and more nearly accords with the assumi>tioii of 
waste through oceanic encroaches permitted by sub»idence. 
Indeed, the author himself seems not to have been convinced 
that there was no subsidence, since he asserts that "we are 
obliged, under all the cirY^umstances, to assume the co-oi>era- 
tion of some other force besides subsidence when endravorinj^ 
to explain the peculiar formation of the northern reef, but still 
without wholly excluding the effects of suljsidence" (p. pi). 



Prof. Semper rejects the hypothesis that the lagoon-ring of 
an atoll is formed through accelerated marginal growth (p. 
227); he attributes the lagoon basiu to decay and scour. 
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